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Chapter 1. Introduction

Purpose

The Tonto National Forest is a unit of the United States Forest Service, a land management
agency in the U.S. Department of Agriculture (USDA). The mission of the Forest Service is to
sustain the health, diversity, and productivity of the Nation's forests and grasslands to meet the
needs of present and future generations.

The principal document that guides management on the Tonto National Forest is the “Land and
Resource Management Plan for the Tonto National Forest” (Tonto National Forest Plan). The
Tonto National Forest Plan was originally approved in 1985 and has since been amended 28 times
to accommodate situations in specific projects or to reflect changes in social, economic, or
ecological conditions.

The Tonto National Forest is revising the 1985 plan using the provisions of the 2012 planning
rule as outlined in 36 Code of Federal Regulations (CFR) Part 219, April 2012. This rule provides
the process and structure to create local land and resource management plans for national forests
across the nation. The rule establishes an ongoing, three-phase process: (1) assessment, (2) plan
development or revision, and (3) monitoring.

The 2012 Planning Rule is intended to create plans that guide integrated resource management in
the plan area within the context of the broader landscape. It takes an integrated approach that
recognizes the interdependence between ecological processes and social and economic systems.
Collaboration with stakeholders, transparency of processes, and the incorporation of best
available science are key aspects of the plan revision effort.

This document represents the assessment phase of the process and is designed to evaluate readily
available existing information about relevant ecological, economic, and social conditions, trends,
and sustainability and their relationship to the current forest plan within the context of the broader
landscape. The assessment uses information currently available and can be utilized without
further data collection, modification, or validation. The assessment report is not a decision-
making document, but it provides current information on planning topics (36 CFR 219.19).

During the assessment, conditions and trends of 15 assessment topics listed in 36 CFR 219.6(b)
and the sustainability of social, economic, and ecological systems (36 CFR 219.5(a)(1)) are
identified and evaluated. The 15 topic areas are broken into two sections. The first volume is
ecologically based with topics such as terrestrial ecosystems; aquatic ecosystems and watersheds;
air, soil, and water resources; system drivers; stressors including risks related to climate change;
baseline assessment of carbon stocks; and threatened, endangered, proposed, candidate species
and potential species of conservation concern. The second volume focuses on social and
economic sustainability and multiple uses with topics such as social, cultural, and economic
conditions; benefits people obtain from the Tonto (ecosystem services); multiple uses and their
economic contributions; recreation settings, opportunities, and access; energy and mineral
resources; infrastructure, transportation, and utility corridors; areas of tribal importance; cultural
and historic resources and uses; land ownership, use, and access patterns; wilderness areas, wild
and scenic rivers, and the need for additional designated areas..
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Structure of the Assessment Report

Volume | of the Tonto National Forest Assessment Report includes the setting, distinctive
features, and background of the plan area to describe the physical and climate characteristics and
setting of the Tonto National Forest assessment area and its place with the context area. An
explanation of best available scientific information follows the “Setting, Distinctive Features, and
Background” section. The “Public Participation” section describes the ways the Tonto National
Forest staff has interacted with the public and tribes during the early stages of the forest plan
revision process.

The “Ecological Integrity and Sustainability” section of Volume | examines the conditions,
trends, and risks to integrity and sustainability for the ecologically based resource areas described
in the 2012 Planning Rule (36 CFR 219.6 (b)). In this part, an ecological assessment of the
vegetation, soils, water, riparian, air, carbon, climate change, federally recognized species, and
other species of conservation concern is conducted to understand current conditions and trends
and identify key characteristics at risk for a loss of ecological integrity.

Volume I1, Social and Economic Sustainability and Multiple Uses assesses the conditions, trends,
and risks to sustainability for the social and economic based topic areas listed in the 2012
Planning Rule (36 CFR 219.6 (b)). It describes the contributions (goods and services) in the
planning area that provide social, economic, and cultural benefits to people and communities.
This assessment considers current condition of the goods and services, the stressors that affect
demand or availability, their context of within the ecosystem, and their relationship to outside
social, cultural, and economic conditions. This part of the assessment concludes with the issues of
concern and risks to sustainability of the goods and services analyzed.

Together, volume | and volume Il describe the nature, extent, and role of current ecological,
economic, and social conditions and trends in both the planning area and the broader landscape.
The ecological integrity and sustainability of ecosystems are intricately connected and
interdependent with their ability to contribute to social and economic conditions.

Finally, volume I11 is the combined references list which will conclude the report.

Setting, Distinctive Features, and Background

The Tonto National Forest is the fifth largest forest in the United States, covering approximately
2,964,308 acres of rugged and spectacularly beautiful country. It is located in central Arizona,
with Phoenix to the south, the Mogollon Rim to the north, and the San Carlos and Fort Apache
Indian Reservations to the east. The diversity of vegetation, from Saguaro-cactus-studded deserts
to pine-forested mountains, reflects the change in altitude across the Tonto National Forest from
1,300 up to 7,900 feet. This allows for outstanding recreational opportunities throughout the year,
whether on lake beaches or in the cool pine forests.

The Tonto National Forest is one of the most-visited “urban” forests in the United States, with
approximately 5.8 million visitors enjoying the array of year-round recreation opportunities. In
the winter, national and international visitors flock to Arizona to share the multi-hued stone
canyons and Sonoran desert environments of the Tonto’s lower elevations with Arizona residents.
In the summer, visitors and residents seek refuge from the heat at the Salt and Verde Rivers and
their chain of six man-made lakes. Visitors also head to the high county to camp amidst the cool
shade of tall pines and fish the meandering trout streams under the Mogollon Rim.
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One of the primary purposes for establishing the Tonto National Forest in 1905 was to protect its
watersheds around reservoirs. The Tonto produces an average of 350,000 acre-feet of water each
year. Six major reservoirs on the Tonto have the combined capacity to store more than 2 million
acre-feet of water. Management efforts are directed at protecting both water quality and
watershed and riparian area conditions.

Eight wilderness areas, encompassing more than 589,300 acres, are managed to protect the
unique natural character of the land and to ensure that primitive recreational opportunities exists
for the public. In addition, portions of the Verde River and Fossil Creek have been designated by
Congress as wild and scenic rivers.

Fish and wildlife are abundant on the Tonto; more than 400 vertebrate species are represented.
The Tonto National Forest also has 22 Federal and State threatened, endangered, proposed, and
candidate species. In addition to this list, we also maintain a conservation agreement for one plant
species on the Tonto. Maintaining quality habitat to support and improve wildlife diversity is a
primary management consideration.

Approximately 26,000 head of cattle are permitted to graze on the Tonto National Forest. Because
of its year-round availability, permitted use is extremely high, and land allotments must be
carefully managed to avoid over-utilization and declining productivity of the range. Currently,
long-term drought conditions across the Southwest have limited our ability to sustain more than
20 percent of the permitted numbers on the Tonto.

The Tonto has a rich history of producing copper, gold, silver, lead, zinc, uranium, molybdenum,
manganese, asbestos, mercury, and many other metals and minerals. This history spans over 150
years and includes 38 mineral districts with recorded production.

Although the Tonto is not heavily timbered, about 4 million board feet total of saw logs, fuel
wood, and other forest wood products are selectively harvested each year.

The critical fire season is relatively short, usually lasting from May to mid July. During that
period, natural and human-caused fires often threaten the timber, chaparral, grass, and light shrub
vegetative zones. The Tonto has averaged 330 wildfires a year over the last ten years.

With some of the state’s more prominent peaks located on the Tonto, the national forest supports
an important communication link for Arizona. Radio, television, and telephone networks use the
electronic sites on these mountains to facilitate state and national communications. Many of the
high-capacity transmission lines that bring Phoenix its power also crisscross the Tonto.

The Tonto National Forest overlaps five counties: 23 percent of Maricopa County, 59 percent of
Gila County, 11 percent of Yavapai County, 7 percent of Pinal County, and 0.01 percent of
Coconino County. The Tonto abuts the Prescott National Forest to the northwest, the Coconino
National Forest to the north, and Apache Sitgreaves National Forest to the northeast (figure 1). It
is divided into six ranger districts: Cave Creek, Globe, Mesa, Payson, Pleasant Valley, and Tonto
Basin.
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The predominant vegetation types on the Tonto National Forest are Mohave-Sonoran desert scrub
with 28 percent, juniper grass with 15 percent, and pinyon-juniper evergreen shrub with 14
percent. The remainder of the Tonto is composed primarily of semi-desert grassland and interior
chaparral, totaling around 23 percent. The main vegetation system drivers on the Tonto are fire
disturbances, regional climate change, insects, and natural vegetation succession. More details on
vegetation and drivers and stressors are provided in the “Ecological Integrity and Sustainability”
section of this report.

Best Available Scientific Information

The best available scientific information is used to inform the planning process (36 CFR 219.3).
This includes relevant ecological, social, and economic scientific information. While the best
available scientific information informs the planning process, it does not dictate what decisions
must be made. There may be competing scientific perspectives and uncertainty in the available
science, and plan decisions have to also consider other relevant factors such as budget, legal
authorities, traditional ecological knowledge, agency policies, and public input.

Public feedback regarding the accuracy, reliability, and relevance of scientific information helps
ensure the use and documentation of the best available scientific information. The best available
scientific information is cited throughout the assessment report. A list of references is found in
volume I11.

In developing this assessment, best available scientific information was used to evaluate
conditions, trends, and risks to sustainability for the social, economic, or ecological systems
found on the Tonto. We used the most accurate and reliable information available. Although the
best available scientific information is commonly available in the form of peer-reviewed
literature, other forms include gray literature, expert opinion, federal agency inventory and
monitoring data, and specialist observations, as long as the responsible official has a reasonable
basis for relying on that scientific information as the best available. Gray literature is scientific or
technical information not available through usual bibliographic sources; it is typically created by
government agencies, universities, corporations, research centers, associations and societies, and
professional organizations. The following six factors were considered when identifying the best
available scientific information:

1. The science uses well-developed scientific methods that are clearly described.
2. Logical conclusions and reasonable inferences were drawn.

3. The information has been appropriately peer reviewed.
4

A guantitative analysis was performed using appropriate statistical or quantitative
methods.

5. The information is placed in proper context including spatial and temporal scales.
6. References are appropriately cited.

In the context of the best available scientific information, “available” means the information is
currently available in a form useful for the planning process without further data collection,
modification, or validation. Analysis or interpretation of the best available scientific information
may be needed to place it in the appropriate context for planning but because limited time is
allotted to complete the assessment, best available scientific information must be readily
available. Public and stakeholder feedback regarding the accuracy, reliability, and relevance of
scientific information can help ensure the use and documentation of the best available scientific
information. The best available scientific information is cited throughout the assessment
document. References included in volume Il of the assessment reflect the most relevant
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documents, given the scope and scale of the assessment and they are determined to be the best
available scientific information.

Some uncertainty exists, especially in situations relevant to global climate change; that
uncertainty has been appropriately documented in the assessment. Throughout the assessment,
when assumptions are made, they are stated as such. The scientific knowledge base is dynamic
and ever expanding, and significant findings may be updated in the final assessment to reflect
evolving scientific information. While the best available scientific information informs the
planning process, plan components, and other plan content, it does not dictate what the decisions
must be. First, there may be competing scientific perspectives and uncertainty in the available
science. In addition, decisions may consider other relevant factors such as budget, legal
authorities, traditional ecological knowledge, agency policies, public input, and the experience of
land manager.

Public Participation

Since kicking off the assessment phase of the forest plan revision process in January 2014, the
Tonto National Forest plan revision team has been working to involve, and collaborate with, the
public. Public participation for the assessment has included listening sessions, workshops, and a
series of public meetings to gather local knowledge to understand how the public values the
Tonto. In addition, the Tonto National Forest plan revision team has interacted with others
through presentations and meetings with county planners, tribes, stakeholders, and other
government entities. Formal and informal public engagement will continue through the
assessment and into the plan development phase of the forest plan revision process. It is the view
of the Tonto National Forest staff that shared knowledge and understanding between the Forest
Service personnel and the public needs to be a continual and dynamic part of the planning effort.

Listed below is a brief description of some of our efforts to date. For more updated information
including details, dates and notes of specific events please visit our website at www.tontoplan.org.

e January 2014: One-hour listening sessions with 91 community members and stakeholders
were conducted on January 22-23, 2014 in Scottsdale, Globe, Payson, and Mesa, Arizona.
These listening sessions provided information about existing collaborative potential and
limitations and helped the Tonto National Forest plan revision team organize the public
participation effort for the forest plan revision effort.

e March 2014: The Tonto National Forest hosted two all-day workshops attended by Tonto staff
and key stakeholders on March 6, 2014 in Tempe, Arizona and March 8, 2014 in Tonto Basin,
Arizona. The purpose of these workshops was to build relationships, share learning, and
begin working together on a public participation strategy for forest plan revision. The Tonto
forest plan revision public participation and collaboration strategy document is available on
the www.tontoplan.org website and can be updated as needs change.

e March 2014: An internet-based collaboration tool was developed and posted to our
www.tontoplan.org website (Public Involvement). The link displayed questions that helped
the plan revision team develop parts of the social, cultural, and economic sections of the
assessment.

+ What benefits do you receive from the Tonto National Forest? Have these benefits
changed over time? How do you think these benefits will change in the next 15-20
years?

+ What is unique and special about the Tonto National Forest? If you could take only one
picture of the national forest, what would it be?
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+ What are your favorite places to recreate on or near the Tonto National Forest?

+ Are there other issues in your community or on the Tonto National Forest that should
be considered in the Assessment Report?

+ Please share any relevant datasets, research or information related to the Tonto
National Forest that could be helpful to the Assessment Report or plan revision process
(please include contact organization or contact person, if known).

May-July 2014: The Tonto staff hosted eight community forums in Mesa, Payson, Roosevelt,
Globe, Cave Creek, and Young, Arizona. The forums involved presentations from Tonto
National Forest staff and partners on key forest plan topics, followed by small group
discussions to bring forth technical and local knowledge about these topics. Notes from these
meetings can be found on our website www.tontoplan.org. These topics and discussions were
used to help us generate our key ecosystem services (see Volume Il Assessment Report of
Social and Economic Conditions, Trends, and Risks to Sustainability for more information).
Some examples of discussion topics were concerns of a decrease in watchable wildlife
opportunities across the Tonto as well as an understanding that adaptive management is
important for the health of the ecosystem and to continue moving in this direction.

October 6-10, 2014 — Voces, LLC, a New Mexico corporation contracted to help build
relationships with our Latino Communities, conducted an assessment of the surrounding
Latino community and their knowledge of and connection to the Tonto National Forest. They
interviewed 28 people in the Phoenix and Globe-Miami and Superior areas and 22 of them
were key leaders in the Hispanic and Latino community. Based on information gathered
during that week, they generated a summary report with suggestions on how the Tonto
National Forest could better reach and engage the Latino community. Voces, LLC took these
interviews and identified four main barriers of use. They presented this information to
members of the Tonto National Forest leadership and planning teams. Based on this feedback,
an internal all-day workshop was held on July 21, 2015. The goal was to help build the
Tonto’s collaborative capacity with Latino communities and the organizations that serve
them.

November 2014 and February 2015: Information was supplied at community bulletin boards
throughout the valley and across the Tonto National Forest. Our goals was to share
information and direct the public to our website where continuously updated material is
presented.

November 2014 — December 2016: The Tonto National Forest staffed a forest plan revision
information booth at over 80 fairs, farmers markets, conferences, and other events. The focus
of these events was to educate and inform the public about the plan revision process and ways
to get involved. These outreach efforts will continue throughout the planning process in
various locations in and around Tonto National Forest communities. See the plan revision
website at www.tontoplan.org to join us at our next event.

December 8, 2014: A letter was sent out to the entire mailing list asking recipients to share
relevant datasets, research, or information related to the Tonto National Forest that would be
helpful to include in the assessment report. It also provided an updated status, reintroduced
the plan revision website, and discussed ways to participate moving forward.

January 2016 — December 2016: Frequent email updates were sent to our mailing list to
introduce new members of the forest plan revision team and inform the public of our next
steps. The updates reinforced the plan revision website and mentioned ways to participate
moving forward.
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o September — October 2016: The Tonto National Forest hosted seven “Needs for Change”
public meetings to discuss the key findings from the draft assessment and collaborate on
needs for change. This discussion was focused on eleven key themes ranging from ecological
sustainability; social, cultural, and economic sustainability; and forestwide management.
Discussion from these meetings helped shape the “Needs for Change” statements.

The efforts listed above helped the Tonto National Forest plan revision team better connect and
relate with the public. They were able to speak to us about what they have experienced in the
past, as well as any fears they may have about getting involved in the plan revision process. From
this, we developed a strategy to collaborate moving forward. From their feedback, we geared our
first round of public meetings around education on the 15 topics discussed in the assessment
phase of the plan revision process. The two grassroots efforts mentioned (the last two bullets)
helped connect the surrounding community to the Tonto National Forest. To date, over 900
individuals of all ages have been spoken to at the information booths listed above. From these
personal connections, we have been able to constantly acquire new members for our mailing list
and been able to promote working groups already occurring on the Tonto to help collaborate with
our plan revision efforts.

Public involvement and collaboration will continue to be an integral part of the planning process
over the next several years of the forest plan revision process. The Tonto National Forest planning
staff is becoming more active in participating and attending other county planning efforts to
understand their concerns in relation to forest plan management.

Tribal Engagement

Tribal engagement efforts for the Tonto National Forest plan revision process has been conducted
with various approaches since the initial kick-off. Consultation with tribes consisted of formal
letters and phone calls to all tribal groups with ancestral ties to the national forest (see list below).
This was followed up with in-person meetings with the forest tribal relations liaison, forest
planner, forest archaeologist, forest supervisor and/or deputy forest supervisor along with various
Tribal members for seven of the thirteen Tribes with whom we consult. The goal was to begin
discussions with the Tribes to seek their engagement and understand their concerns about forest
management.

e December 16, 2013: Letters went out to initiate early engagement with each tribe.

e January 23, 2014: Meetings with the White Mountain Apache, Tonto Apache, and Yavapai
Apache Tribes.

e January 30, 2014: Meeting with members of the Salt River Pima-Maricopa and Gila River
Indian communities.

e April 1, 2014: Meeting with the Pueblo of Zuni.

e July 23, 2014: Meeting with the Hopi Tribe.

o December 8, 2014: Letters went out to request relevant data that would help the assessment
and link the Tribes to our forest plan revision webpage for more information.

e August 8, 2016: Meeting with members of the Salt River Pima-Maricopa and Gila River
Indian communities.

e November 8, 2016: Letter went out to gather input into the wild and scenic rivers process
from the Tribes.

e November 29, 2016: Meeting with the Fort McDowell Yavapai Nation and Yavapai — Prescott
Indian Tribe
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o December 9, 2016: Meeting with the White Mountain Apache, Tonto Apache, San Carlos
Apache, Mescalero Apache, and Yavapai Apache Tribes.

e December 13, 2016: Meeting with the Pueblo of Zuni

e December 30, 2016: Meeting with members of the Salt River Pima-Maricopa and Gila River
Indian communities.

During this same time, the Tonto National Forest archaeologist, in working with the Tribes,
helped to pull together a list of plant species for which they have expressed concern. The list of
any wildlife or fish about which they are concerned has not been developed. Many of the Tribes
who consider the Tonto National Forest an important place, both spiritually and culturally, have a
strong interest in the management of the Tonto’s natural resources. Tonto National Forest
personnel will continuously seek to engage with Tribes through the plan revision process.
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An ecosystem is a spatially explicit, relatively homogeneous unit of the Earth that includes all
interacting organisms and elements of the abiotic environment within its boundaries (36 CFR
219.19). Ecosystem or ecological integrity is the quality or condition of an ecosystem, when its
dominant ecological characteristics (for example, composition, structure, function, connectivity,
and species composition and diversity) occur within the natural range of variation and can
withstand and recover from most perturbations imposed by natural environmental dynamics or
human influence. Ecosystem sustainability is the capability of an ecosystem to meet the needs of
the present generation, without compromising the ability to meet their needs of future
generations. Ecosystem sustainability refers to the capability of ecosystems to maintain ecological
integrity (36 CFR 219.19).

Structure

The ecological assessment is broken into the following seven sections to fully address the
ecological integrity and sustainability of the Tonto National Forest. Each section’s resource area
IS assessed to understand current conditions and trends and identify key characteristics at risk for
a loss of ecological integrity.

1. Terrestrial Ecosystems are assessed for ecosystem integrity to determine whether terrestrial
ecosystems (upland vegetation and soils) are functioning normally and are uncompromised.

2. Riparian Ecosystems are assessed for ecosystem integrity to determine whether riparian
ecosystems (plant, animal, and aquatic communities directly or indirectly attributed to water-
induced or water-related factors) are functioning normally and are uncompromised.

3. Watersheds and Water Resources are assessed for ecosystem integrity to determine the
status of watersheds and water resources (surface and groundwater) and their role in
sustaining the structure and function of terrestrial, riparian, and aquatic ecosystems on the
Tonto National Forest.

4. At-risk Species are identified and assessed to understand the ecological conditions necessary
to sustain them.

5. Air Quality is described and assessed through existing conditions and trends of airshed
conditions and air quality.

6. Climate Change predictions are summarized in relation to the range of climatic conditions
that have supported ecosystems in the past.

7. Carbon Stocks contains a baseline assessment of carbon stocks within ecosystems for the
Tonto National Forest, including biomass, carbon emissions, and soil organic carbon.

Each section culminates by summarizing the risk to ecological integrity to help determine
ecological need for change. There is an ecological need for change for characteristics that show a
potential for risk due to ongoing conditions and trends.
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The ecological assessment includes characterizations of current condition and trend for specific
ecosystem characteristics. For each characteristic, the following information is evaluated, where
available:

e Reference condition
e Deviation of current condition from reference condition (departure)
o Predicted future departure (trend)

Departure from reference condition is equivalent to a loss of ecological integrity. To determine a
loss of integrity, current departure and departure trend are considered.

Some systems have characteristics that do not lend themselves to the historic reference condition
and system integrity approach, such as air quality and water quality and quantity. For these
systems and characteristics, an alternative approach will be used and discussed in each resource
area’s respective section.

Key Ecosystem Characteristics

Ecological integrity is simple in concept to define but more difficult in practice to assess.
Ecosystem characteristics are specific components of ecological conditions that sustain ecological
integrity (Forest Service Handbook 1909.12 chapter 14). A key ecosystem characteristic describes
the composition, structure, connectivity, and function of an ecosystem that is most dominant. Key
ecosystem characteristics are identified and evaluated for each ecosystem, but not all possible
characteristics of ecosystems are identified. Only those characteristics needed to provide
ecological conditions necessary to maintain or restore the ecological integrity of terrestrial,
aquatic, and riparian ecosystems in the plan area are considered in the assessment (36 CFR
219.8). A limited suite of ecosystem characteristics are selected to assess ecological integrity
based on the following:

e Information was readily available;
e Characteristic is relevant to key issues and sensitive to drivers and stressors; and

o Characteristics represent elements needed to assess other resource areas (for example, at-risk
species and habitat).

The process for identifying and selecting key ecosystem characteristics will be iterative
throughout the assessment and will be influenced by information provided by public and
governmental participation.

System Drivers and Stressors

System drivers are processes that act on ecosystem characteristics, such as natural vegetation
succession, natural disturbance regimes (for example, wildfire and wind), predominant climatic
regimes, and broad-scale system drivers or disturbance regimes (wildfire, flooding, and insect and
disease). Disturbance regimes (such as fire and wind) and stressors are both drivers, as are
climate, succession, and insect and disease. Typically, disturbance regimes are characteristic
disturbances and processes for that system.

Stressors are factors that may directly or indirectly degrade or impair ecosystem composition,
structure, or ecological process in a manner that may impair its ecological integrity, such as an
invasive species, loss of connectivity, or the disruption of a natural disturbance regime (36 CFR
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219.19). A stressor can be a driver that is new to the system (for example, invasive species or
climate change) or a driver that is uncharacteristic or has a disproportionately undesirable
outcome (for example, uncharacteristic wildfire or insect infestations and disease).

Specific system drivers and stressors are identified and evaluated in the context for each primary
resource area.

Spatial Scales of Analysis

The area of analysis for the assessment should be large enough to capture broad-scale trends and
the natural range of variation in disturbance intensity, frequency, and areal extent. For most
characteristics, it is valuable to consider multiple scales for the assessment. The assessment
evaluates ecological integrity and ecosystem characteristics at three spatial scales:

o Context scale is needed to put the Tonto National Forest condition in context with the greater
area, including lands beyond the Tonto National Forest boundary. The status and distribution
of resources at the context scale may inform ecological need for change based on the
potential for National Forest System lands to contribute to overall integrity.

e Plan scale shows current condition and trends as an average of conditions across the Tonto
National Forest.

o Local scale is valuable for describing departure patterns for a given characteristic and
identifying where particular issues may need attention and drive forest plan components. This
scale is not as likely to drive ecological need for change but may drive development of plan
components.

The goal of evaluating information about ecological integrity at scales broader than the plan area
is to understand the context of management for resources within the plan area. An understanding
of the environmental context extending beyond the plan area should be useful in determining
opportunities or limitations for National Forest System lands to contribute to the sustainability of
the broader ecological systems, as well as the impacts of the broader landscape on the
sustainability of resources within the plan area. In some instances, a unique role of National
Forest System lands may become apparent at this scale.

Reference Conditions

Reference conditions are the environmental conditions that infer ecological sustainability. When
available, reference conditions are represented by the natural range of variation, not the total
range of variation, prior to European settlement and under the current climatic period. For many
ecosystems, the natural range of variation also reflects human-caused disturbance and effects
prior to settlement. It may also be necessary to refine reference conditions according to
contemporary factors (for example, invasive species) or projected conditions (for example,
climate change). Reference conditions are most useful as an inference of sustainability when they
have been quantified by amount, condition, spatial distribution, and temporal variation.

For many ecosystems, the natural range of variation provides insight into the temporal dynamics
and key characteristics of ecological systems and therefore helps to evaluate ecological integrity.
The natural range of variation is a tool for assessing ecological integrity of terrestrial, riparian,
and aquatic ecosystems, and does not necessarily constitute a management target or desired
condition. The natural range of variation can help identify key structural, functional,
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compositional, and connectivity characteristics, for which plan components may be important for
either maintenance or restoration of such ecological conditions.

In some situations, there is not enough information about selected key ecosystem characteristics
to understand the reference conditions under historical disturbance regimes. In these cases,
ecological integrity is evaluated based on the current understanding of conditions that would
sustain these key ecosystem characteristics (Forest Service Handbook 1909.12, chapter 10,
section 12.15b).

Assessing Risk to Ecological Integrity

Risk summarizes threats to ecological integrity from unsustainable levels of stressors, either
current or predicted. The risk of losing integrity of each key ecosystem characteristic is integrated
geographically to quantify overall risk to the system. Risk is assessed on National Forest System
lands, as it relates to systems and processes that are under agency control and/or authority.
However, to fully understand risk to those lands, systems, and processes, they are assessed in the
context of the larger landscape to the extent possible. An understanding of the environmental
context extending beyond the plan area should be useful in determining opportunities or
limitations for National Forest System lands to contribute to the sustainability of the broader
ecological systems, as well as the impacts of the broader landscape on the sustainability of
resources within the plan area. In some instances, a unique role of the National Forest System
lands may become apparent at this scale (Forest Service Handbook 1909.12, chapter 10, section
12.13b).

The risk to ecological integrity was assessed for each ecosystem characteristic by weighing the
current deviation from reference condition against the trend for that resource, as conceptualized in
a decision matrix (figure 2). A risk can be mitigated if the departure is due to ongoing activities,
the characteristic is within agency authority and control, and the trend and condition can be

improved (reversible).

Deviation Toward Trend
from Major Reference
RETE”.H.' e SUE Condition Away from Reference
GoTda Stable Condition
Legacy of Past
Risk Addressed G o Wam
Significant Continue current L Potential for High Risk
Bgviatian NO management and Deviation di'lﬂ to Elur.nlant Mgmt Evaluate system
identify restoration (ongoing activities) reversibiity and threats
opportunities Evaluate system reversibility and
threats
Mo Potential Risk
Significant NO : Mo EES RAciuo faghpuoe
Deviation Continue current management future deviations, threats,
and reversibility

Figure 2. Matrix to assess risk to ecological integrity
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Terrestrial ecosystems are assessed using key ecosystem characteristics related to vegetation and
soils. To evaluate ecological integrity, vegetation and soils on the Tonto National Forest are
subdivided into smaller ecosystem types based on ecosystem potential and typical disturbances.
This section assesses current and expected future departure (the degree to which the integrity of a
system has been compromised) by comparing the results of current Tonto National Forest
management to a defined reference condition for each ecosystem type.

Ecological Response Units and Terrestrial Ecosystem Units

The assessment of terrestrial ecosystem condition is stratified using the ecological response unit
system, which is a classification of sites with similar plant species composition, succession
patterns, and disturbance regimes. The ecological response units are constructed, in concept and
resolution, such that they are applicable to management decisions. The Forest Service has
previously employed the ecological response unit concept in successful landscape analysis and
strategic planning in the Southwestern Region.

The ecological response unit framework describes all major ecosystem types found in the region
based on a coarse stratification of biophysical themes. The ecological response units are mapped
technical groupings of finer vegetation classes with similar site potential and disturbance history.
They display ranges of plant associations (USDA Forest Service 1997) along with structure and
process characteristics that would occur when natural disturbance regimes and biological
processes prevail (Schussman 2006). Similar to LANDFIRE biophysical settings (NIFTT 2010),
ecological response units combine themes of site potential and historic fire regime:

Ecological Response Unit = Site Potential + Historical Disturbance Regime

Each ecological response unit characterizes sites with similar composition, structure, function,
and connectivity and defines their spatial distribution on the landscape. Stratifying terrestrial
ecosystems based on vegetation characteristics and function is appropriate for two reasons. First,
vegetation is the primary terrestrial and biological ecosystem component that is manipulated
through management and affected by natural processes. Second, it represents habitat for wildlife
and provides the required link to species diversity. The section on at-risk species, found later in
this volume, is based on these ecological response units, ecosystem characteristics, and ecological
integrity.

Terrestrial ecosystems are comprised of upland vegetation or vegetation communities that are not
located near or influenced by streams or wetlands. Riparian ecosystems are discussed as a
separate resource in this assessment. Upland ecological response units on the Tonto National
Forest are derived from the terrestrial ecosystems survey of the Tonto National Forest, an
inventory of soil types or terrestrial ecosystem units. Terrestrial ecosystem units relate to
combinations of soils, land types, and vegetation communities. They are summarized, by
ecological response unit, for some key ecosystem characteristics, particularly those that are soil
related. Only ecological response units that make up at least one percent of the Tonto National
Forest are analyzed (table 1).
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Table 1. Ecological response units (ERUs) analyzed on the Tonto National Forest

Elevational
Acres on % of Range (feet)
Tonto Tonto on the Tonto
National National National
System Type ERU Code ERU Name Forest Forest Forest!
Shrublands SDS Sonora-Mojave 21,095 1 1,900 - 3,200
Mixed Salt Desert
Scrub
Shrublands MSDS Mohave Sonoran 770,189 283 1,300 - 5,800
Desert Scrub?
Shrublands MSDS (CB) Sonora-Mojave 54,423 2 1,300 — 3,300
Creosote-Bursage
Desert Scrub
Shrublands MSDS (SOS) Sonoran Mid- 113,557 4 1,700 - 5,100
Elevation Desert
Scrub
Shrublands MSDS (SP) Sonoran 602,209 22 1,300 - 5,800
Paloverde-Mixed
Cactus Desert
Scrub
Shrublands IC Interior Chaparral 290,771 11 2,300 - 7,800
Grasslands SDG Semi-Desert 340,983 12 1,800 - 6,800
Grassland
Woodlands PJO Pinyon-Juniper 54,352 2 2,300 - 7,300
Woodland
Woodlands JUG Juniper Grass 415,546 15 2,200 - 7,600
Woodlands MEW Madrean Encinal 93,157 3 3,400 - 6,700
Woodland
Woodlands PJC Pinyon-Juniper 398,154 14 2,400 - 7,800
Evergreen Shrub
Woodlands PJG Pinyon-Juniper 74,240 3 3,400 - 7,000
Grass
Forests PPE Ponderosa Pine - 205,729 7 5,500 — 7,200
Evergreen Oak
Forests PPF Ponderosa Pine 37,878 1 5,500 - 7,600
Forest
Forests MCD Mixed Conifer - 58,829 2 6,100 — 10,000
Frequent Fire

1 Elevation ranges were calculated by intersecting the ecological response unit layer and 30-meter Landsat digital
elevation model layer for the Tonto National Forest using a geographic information system (GIS).

2 MSDS values are displayed for both class (MSDS) and subclasses (CB, SOS and SP).
3. Percent is total of all MSDS subclasses listed in following three rows.
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Spatial Scales of Analysis for Terrestrial Ecological Systems

Different spatial scales provide resolution across both the greater landscape and localized
conditions, helping assess whether ecological sustainability of each ecological community are
being met. Knowledge of the ecological integrity in the plan area and at scales broader than the
plan area is important to identify opportunities or limitations for lands in the plan area to
contribute to the integrity of the broader ecological systems, as well as the impacts of the broader
landscape on the sustainability of resources within the plan area. In some instances, a role of the
plan area may become apparent at this scale.

Fine scales allow us to detect small, yet meaningful, features of the landscape while broad scales
identify important patterns over the larger spatial extent. Different ecological patterns emerge at
different scales of analysis since landscapes are nested within continuously larger landscapes. For
example, canopy cover can look very different at three spatial scales. At the local (fine) scale the
presence of only a few single trees and some pockets or groups of trees indicates an open or
sparse, canopy cover. However, as we scale up to the plan scale, canopy cover looks a little
denser, especially right around the extent of the local scale. At the context scale, the pattern of
small patches of trees amid large natural meadows and grasslands is visible. These scales are
especially important when we consider the diversity of organisms that inhabit these ecosystems.
For example, the Mexican spotted owl requires habitat which can extend from a few stands to
potentially an entire ecoregion. In this section, terrestrial systems are analyzed at the context, plan
(Tonto National Forest boundary), and local scales. The context scale provides a “big picture” of
overall sustainability across the larger area. Descriptions at the plan and local scales provide
additional detail necessary for identifying areas of concern and potentially driving the ecological
need for change in current management, in implementation of future projects and activities, or
both.

Context Scale

Ecoregion subsections (Cleland et al. 2007) were used to define the context scale for the
assessment of vegetation and soil. The extent of all ecological subsections which intersect the
Tonto National Forest administrative boundary were used to define the context scale, with two
exceptions. The Gila Bend Desert Shrubland subsection was clipped at the Gila River to bound
the context area to the south and at the Agua Fria River to bound the context area to the west. The
White Mountains Coniferous Forest subsection was clipped at the New Mexico state line,
bounding the context area to the east (figure 4)

Plan and Local Scale

The plan scale consists of the entirety of the Tonto National Forest, bounded by its administrative
boundary. The local scale is valuable for describing departure patterns within the plan scale for a
given characteristic and identifying where issues may warrant specific attention and drive forest
plan components. This scale is not as likely to drive ecological need for change but may drive
development of plan components. The local scale of analysis consists of fourth-level watersheds.
Watersheds that contained less than 10 percent on the Tonto were incorporated into an adjoining
4"-level watershed (figure 4). When information is available, key ecosystem characteristics are
assessed at the local scale. Table 2 shows the distribution of ecological response units at all scales
of analysis. Information in cells with marginally represented ecological response units (low
proportion) should be considered accordingly, it may reflect a small sample size rather than actual
conditions.
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Table 2. Ecological response unit (ERU) distribution (acres and percent) at all scales of analysis (shaded cells represent ecological response units that
make up less than one percent of the scale)

2 Lower 3 Tonto
1 Agua Fria Verde Local Basin Local 4 Upper Salt | 5 Lower Salt
ERU Code Ecological Response Unit Name Context Plan Local Scale Scale Scale Local Scale Local Scale
SDS Sonora-Mojave Mixed Salt Desert Scrub 319,354 21,095 0 2,387 12,091 6,616 0
3% 1% 0% 0.30% 1.90% 0.90% 0%
MSDS (CB) | Sonora-Mojave Creosote-Bursage 1,376,676 54,423 3,295 14,852 0 8,521 27,756
Desert Scrub 11% 2% 1.90% 1.90% 0% 1.10% 6.40%
MSDS Sonoran Mid-Elevation Desert Scrub 114,344 113,557 1,054 56,256 24,972 26,403 4,873
(SOS) 1% 4% 0.60% 7.30% 4.00% 3.50% 1.10%
MSDS (SP) | Sonoran Paloverde-Mixed Cactus 624,610 602,209 22,230 198,719 39,195 85,543 256,523
Desert Scrub 5% 22% 13.10% 25.80% 6.30% 11.20% 58.90%
IC Interior Chaparral 1,300,963 | 290,771 29,135 50,473 45,699 93,036 72,427
11% 11% 17.20% 6.50% 7.40% 12.20% 16.60%
SDG Semi-Desert Grassland 1,718,290 | 340,983 42,283 56,117 42,337 148,129 52,118
14% 12% 24.90% 7.30% 6.80% 19.40% 12.00%
PJO Pinyon-Juniper Woodland 276,149 54,352 289 32,503 13,582 7,978 0
2% 2% 0.20% 4.20% 2.20% 1.00% 0%
JUG Juniper Grass 647,511 415,546 62,022 158,517 91,348 99,753 3,906
5% 15% 36.50% 20.50% 14.70% 13.10% 0.90%
MEW Madrean Encinal Woodland 154,815 93,157 0 10,938 67,375 14,823 21
1% 3% 0% 1.40% 10.90% 1.90% < 0.10%
PJC Pinyon-Juniper Evergreen Shrub 1,875,546 398,154 8,719 90,131 133,208 151,777 14,319
15% 14% 5.10% 11.70% 21.50% 19.90% 3.30%
PJG Pinyon-Juniper Grass 612,017 74,240 720 8,180 33,728 31,612 0
5% 3% 0.40% 1.10% 5.40% 4.10% 0%
PPE Ponderosa Pine - Evergreen Oak 532,841 205,729 63 68,396 70,885 62,835 3,550
4% 7% 0% 8.90% 11.40% 8.20% 0.80%
PPF Ponderosa Pine Forest 2,137,070 37,878 0 0 13,966 23,912 0
18% 1% 0% 0% 2.30% 3.10% 0%
MCD Mixed Conifer - Frequent Fire 423,765 58,829 0 24,090 32,101 2,639 0
3% 2% 0% 3.10% 5.20% 0.30% 0%
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Terrestrial Ecosystem Spatial Niche

The spatial niche analysis relates the Tonto National Forest to its surroundings. Spatial niche is
dependent on the relative distribution of an ecological response unit, as well as the relative
distribution of departure within that ecological response unit. Departure from the reference
distribution is quantified by comparing it to the actual current distribution. The closer
composition, structure, and process are to their historic conditions, the more the system is
maintaining ecological integrity and the more resilient it will be to stress. The contribution of the
Tonto National Forest to the ecological integrity of an ecological response unit in the context of
the surrounding landscape is dependent first on the percent of the Tonto occupied by the
ecological response unit. The Tonto’s contribution to integrity also depends on the percent of the
context landscape occupied by the ecological response unit and the relative representation of the
ecological response unit on-forest to off-forest (proportional representation).

The codes for the ecological response units in the following two figures are as follows:

IC Interior Chaparral PPF Ponderosa Pine Forest

JUG Juniper Grass SDG Semi-Desert Grassland

MEW  Madrean Encinal Woodland SDS Sonora-Mojave Mixed Salt Desert Scrub
MCD  Mixed Conifer - Frequent Fire MSDS-CB  Sonora-Mojave Creosote-Bursage
PJC Pinyon Juniper Evergreen Shrub Desert Scrub

PJG Pinyon Juniper Grass MSDS-SOS Sonoran Mid-Elevation Desert Scrub
PJO Pinyon Juniper Woodland MSDS-SP  Sonoran Paloverde-Mixed Cactus

Desert Scrub

PPE Ponderosa Pine - Evergreen Oak

o
U 3

PIC
“ die]
L PIO
FrE
= PPE
DG
. DS
= HWISDS-505
WSDS-SP

Tonto NF

K2

Context
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Figure 5. Ecological response unit distribution and representation at plan (Tonto National Forest) and
context scales
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M Tonto NF acres M Context acres
MSDS-SP

MSDS-50S
MSDS-CB
SDS

SDG

PPF

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 6. Acres distributed between the plan scale and context scale (excluding plan acres)

The Tonto’s contribution to the context for each ecological response unit is shown in table 3. The
Tonto makes up 23 percent of the context landscape by area. When an ecological response unit is
more common at the plan scale than would be expected based on area (greater than 23 percent of
the total ecological response unit in the context landscape), the plan area has a disproportionate
influence on sustainability of the system or greater proportional representation. Ecological
response units that are rare at the context scale will be influenced more by conditions at the plan
scale than ecological response units that are more abundant, for which plan scale conditions may
be overwhelmed by conditions outside the boundaries of the Tonto National Forest.

% of Tonto National Forest—% of Contect Landscape
% of Tonto National Forest+% of Context Landscape

Proportional representation =

Positive values indicate the proportion of the Tonto National Forest is greater than the proportion
of the context (the ecological response unit is more common on the Tonto). Negative values
indicate the opposite (the ecological response unit is less common on the Tonto). A value of one
means the ecological response unit is only represented on the Tonto National Forest with no acres
at the context scale. A value of negative one means the ecological response unit is only
represented at the context scale with no acres on the Tonto National Forest. A value of zero means
the percent of the Tonto covered by an ecological response unit is the same as the percent of the
context landscape covered by that ecological response unit.

Opportunity for the Tonto National Forest to influence the context landscape is captured in table
3. The proportional representation identifies the relative spatial significance of ecosystems found
on the Tonto to the greater landscape. Ecosystems such as Juniper Grass, Madrean Encinal
Woodland, Ponderosa Pine - Evergreen Oak, Sonoran Paloverde-Mixed Cactus Desert Scrub, and
Sonoran Mid-Elevation Desert Scrub have high proportional representation meaning the
sustainability of these systems at the context scale is more sensitive to conditions at the plan
scale, and the Tonto National Forest has a significant role in restoring or maintaining integrity of
these systems. On the other hand, ecosystems such as Ponderosa Pine Forest and Sonora-Mojave
Creosote-Bursage Desert Scrub are less common at the plan scale, and the Tonto has less
opportunity to influence context scale conditions.
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In the table, green shading indicates low departure (0 to 33 percent), yellow shading indicates
moderate departure (34 to 66 percent), and red shading indicates high departure (67 to 100
percent). For more information, see “Seral State Proportion” section. Cells with an asterisk (*)
identify high potential for the Tonto National Forest to contribute to the sustainability of these
ecosystems.

Table 3. Terrestrial ecosystem spatial niche

Plan Plan seral Context
Tonto NF Context contribution Proportional state seral state
ERU acres, % acres, % to context? representation departure departure

SDS 21,095 319,354 6.6% -0.55 7 --
0.8% 2.6%

MSDS 54,423 1,376,676 4.0% -0.70 3 0

(CB) 2.0% 11.4%

MSDS | 113,557 114,344 99.3% 0.63* 52 53

(SOS) 4.1% 0.9%

MSDS | 602,209 624,610 96.4% 0.62* 9 9

(SP) 21.8% 5.2%

IC 290,771 1,300,963 22.4% -0.01 30 10
10.5% 10.7%

SDG 340,983 1,718,290 19.8% -0.07
12.3% 14.2%

PJO 54,352 276,149 19.7% -0.07 30 23
2.0% 2.3%

JUG 415,546 647,511 64.2% 0.47* 65 56
15.0% 5.3%

MEW 93,157 154,815 60.2% 0.45* 43 40
3.4% 1.3%

PJC 398,154 1,875,546 21.2% -0.04 54
14.4% 15.5%

PJG 74,240 612,017 12.1% -0.31 35 42
2.7% 5.1%

PPE 205,729 532,841 38.6% 0.26*
7.4% 4.4%

PPF 37,878 2,137,070 1.8% -0.86
1.4% 17.6%

MCD 58,829 423,765 13.9 -0.24 62
2.1% 3.5%

1. IC — Interior Chaparral, JUG — Juniper Grass, MEW — Madrean Encinal Woodland, MCD — Mixed Conifer - Frequent
Fire, PJC — Pinyon Juniper Evergreen Shrub, PJG — Pinyon Juniper Grass, PJO — Pinyon Juniper Woodland, PPE —
Ponderosa Pine - Evergreen Oak, PPF — Ponderosa Pine Forest, SDG — Semi-Desert Grassland, SDS — Sonora-
Mojave Mixed Salt Desert Scrub, MSDS (CB) — Sonora-Mojave Creosote-Bursage Desert Scrub, MSDS (SOS) —
Sonoran Mid-Elevation Desert Scrub, MSDS (SP) — Sonoran Paloverde-Mixed Cactus Desert Scrub.

Highly departed ecological response units are of greater concern because existing ecological
integrity is already low. These may also indicate a priority for restoration. The relative departure
between the two scales also assists in identifying potential refuge especially if conditions are
significantly different between the two scales.

The Pinyon-Juniper Evergreen Shrub ecological response unit is similarly distributed at the plan
and context scales (proportional representation = -0.04), but departure is much higher at the plan
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scale. While the sustainability of this system may be more affected by conditions at the context
scale (much fewer acres on the Tonto), restoration of this ecological response unit may aid in
reducing fragmentation at the broader landscape (context scale).

Over 90 percent of the context acres for Sonoran Mid-Elevation Desert Scrub and Sonoran
Paloverde-Mixed Cactus Desert Scrub ecological response units are located on the Tonto National
Forest. While departure is low to moderate at the plan and context scales, future conditions® (plan
scale) show high departure; therefore, the Tonto National Forest has a significant influence on
maintaining sustainability and ecological integrity of these ecological response units. Other
ecological response units for which the Tonto has an influence are Juniper Grass, Madrean
Encinal Woodland, and Ponderosa Pine - Evergreen Oak. These ecological response units are
moderately to highly departed at both the plan and context scale; however, departure is slightly
higher at the plan scale for these ecological response units. Additionally, they represent a
significant proportion of the context acres (table 3).

Key Ecosystem Characteristics for Terrestrial Vegetation

Ecosystem characteristics are specific components of ecological conditions that sustain ecological
integrity. Each relates to composition, structure, and/or function of an ecosystem that is most
dominant. Key ecosystem characteristics are identified and evaluated for each ecosystem, but not
all possible characteristics of ecosystems are identified. Only those characteristics needed to
provide ecological conditions necessary to maintain or restore the ecological integrity of
terrestrial ecosystems in the plan area are considered in the assessment (36 CFR 219.8).
Ecosystem characteristics were selected based on information that was readily available,
characteristic is relevant to key issues and sensitive to drivers and stressors, and characteristics
represent elements needed to assess other resource areas (for example, at-risk species and
habitat). Not all ecosystem characteristics are applicable to all ecological response units. For
example, dead fallen (coarse woody debris) or standing trees (snags) are not relevant or
applicable for grassland and shrubland ecological response units. The key ecosystem
characteristics for terrestrial vegetation (ecological response units) are:

o Seral state proportion e Patch size

e Similarity to site potential e Fire regime (fire frequency and severity)
e \egetative ground cover o Fire regime condition class

e Coarse woody debris and snag density e Insects and disease

Departure for Ecosystem Characteristics

Departure is a measure of deviation of current conditions from reference conditions. This
departure from reference condition is equivalent to loss of ecological integrity. To determine a
loss of integrity, current departure and departure trend (potential future departure) are considered,
when applicable. Departure for each of the key ecosystem characteristics have been quantified
and generalized into three different general categories: low (0 to 33 percent), moderate (34 to 66
percent), and high (67 to 100 percent) relative to “natural” or reference conditions.

1 See “Seral State Proportion” analysis for further information.
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Seral State Proportion

Seral state proportion is the percent of ecological response units in each seral state at context,
plan, and local scales. Seral state refers to the series of biotic communities formed through the
ecological process or succession of progressive change in a plant community after a stand-
initiating disturbance. Each ecological response unit can manifest in a range of potential
vegetative conditions, each representing a unique phase in the overall ecology of the system
(Weisz et al. 2009). By grouping these phases into seral state classes with unique vegetation
characteristics (composition and structure), models can be developed that define transitions
among phases. These state-and-transition models can be built and adapted so that the dynamics of
the system reflect natural range of variation, and the resulting distribution among state classes
represents the ecological response unit reference condition (Weisz et al. 2009). These models can
be further parameterized to incorporate current natural disturbances and management regimes and
used to develop projections of future vegetative conditions. Reference conditions are based on
Forest Service Southwestern Regional Office guidance (TNC 2006, Landfire 2010).

Data and Analysis Process

The assignment of current state class proportions uses regional satellite imagery based
classifications of vegetation size class, canopy cover and dominance type at a 1:100,000 scale,
with extensive photo interpretation and field data collection (Midscale Vegetation Mapping
Project) (Mellin et al. 2008). Existing vegetation is assigned to an ecological response unit and
then to the appropriate state class within that ecological response unit according to state class
descriptions and model developed by the Forest Service Southwestern Regional Office,
LANDFIRE, The Nature Conservancy, and the Integrated Landscape Assessment Project.
Reference conditions are based on best available scientific information. Ecological response unit
summary tables are footnoted with specific reference condition sources.

Departure from the reference distribution is quantified by comparing it to the actual current
distribution and to future predicted distributions. The closer composition, structure, and process
are to their historic conditions, the more the system is maintaining ecological integrity and the
more resilient it will be to stress. For each state class, the similarity to reference is equal to the
proportion in common that exists either on the current landscape or on the projected future
landscape. The similarity value is equal to the lesser value between the current or projected
proportion and the reference proportion. The sum of similarity values for an ecological response
unit is 100 percent or less, and 100 percent minus the similarity value equals the departure of the
ecological response unit (table 4). In the following table, the sum of lesser values is 70 percent,
and the departure is 100 minus the sum of lesser values or 30 percent.

Table 4. Calculation of seral state proportion departure. This example uses model states under
reference and current conditions for the Interior Chaparral ecological response unit.

Class Seral State Reference Current Lesser Value
A Grass/Forb/Shrub 2% 10% 2%
B Mid development 10-30% shrub cover (open) 5% 26% 5%
CD Mature (closed) 93% 63% 63%

Projections of future state class proportions are produced using the Vegetation Dynamics
Development Tool (VDDT) (ESSA 2006) and state-and-transition models developed by
LANDFIRE, The Nature Conservancy, and the Integrated Landscape Assessment Project and
refined by the Forest Service Southwestern Regional Office with input from forest specialists.
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These state-and-transition models both define seral states for each ecological response unit and
allow comparison among management scenarios. For this analysis, future trend assumes the
continuation of current levels of management indefinitely. Many state transition destinations and
probabilities are derived from Forest Vegetation Simulator modeling (Moeur and Vandendriesche
2011; Weisz et al. 2010). Burn severity information is compiled from Monitoring Trends in Burn
Severity records (Eidenshink et al. 2007). Other inputs include forest management activity
(thinning, prescribed fire, etc.) data from the Forest Service Activity Tracking System and Aerial
Detection Surveys conducted by the Forest Service’s Forest Health Program.

By comparing regional midscale and LANDFIRE current vegetation information to reference
seral state proportions, departure is calculated for the context, plan, and local scales. The Tonto
National Forest only affects management at the plan scale and only collects management
information on the national forest; so state-and-transition models can only be reliably
parameterized at the plan scale. Therefore, future trend is modeled only at the plan scale, though
trends at the context or local scale may be discussed where information suggests they differ. The
trend analysis relies mostly on state-and-transition modeling results, while trend for other
characteristics is addressed only when a probable trajectory can be inferred. The predictions used
in the assessment are based on 10- and 100-year modeling results only. Seral state proportion
trend and projections (VDDT modeling at plan scale) is summarized for each ecological response
unit (table 5).
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Table 5. Ecological response unit departure (in percent) by all scales and projections at plan scale

Departure (percent)*

Projections at plan
Current conditions scale
Local scale?

m S — —

g1218]8]¢

o | 2| 3| ®

S = c Q =

System Context Plan scale 3 el Qe & S 10 100 1000
Type ERU code ERU name landscape | (Tonto NF) 5 &l @ | g | | years | years | years
Shrubland SDS3 Sonora-Mohave Mixed Salt Desert Scrub 7 NA NA NA
Shrubland MSDS (CB)* | Sonora-Mojave Creosote-Bursage Desert 0 1 5 3 5 1 NA NA NA
Scrub?®
Shrubland MSDS Sonoran Mid-Elevation Desert Scrub 53 52 53 | 46 | 58 | 40 | 57 NA NA NA
(SOS)*
Shrubland MSDS (SP) Sonoran Paloverde-Mixed Cactus Desert
Scrub

Shrubland IC Interior Chaparral
Grassland SDG Semi-Desert Grassland
Woodland PJO Pinyon-Juniper Woodland 36 14 - 28 31 32
Woodland JUG Juniper Grass 56 65 64 | 65 65 56 32 35
Woodland MEW Madrean Encinal Woodland 40 43 44 48 44 50 51
Woodland PJC Pinyon-Juniper Evergreen Shrub 54 65 49 46
Woodland PJG Pinyon-Juniper Grass
Forest PPE Ponderosa Pine - Evergreen Oak -
Forest PPF Ponderosa Pine Forest
Forest MCD Mixed Conifer - Frequent Fire

1. Departure is a nominal classification: low (0 to 33 percent), green; moderate (34 to 66 percent) yellow; high (66 to 100 percent), red.

2. At the local scale, numbers in boldface type and an * mean the ecological response unit is less than 1 percent of local scale. Blank cells mean the ecological response unit is not
present or sufficiently distributed at scale for analysis.

3. Data is not available at the context scale, and there are insufficient acres on the Tonto National Forest to model departure (projections at plan scale).
4. Models are currently unavailable for these provisional subclasses.
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Results

Forestwide, the highest departure is among the forest types: Ponderosa Pine Forest, Mixed
Conifer - Frequent Fire, and Ponderosa Pine-Evergreen Oak ecological response units. With the
exception of Mixed Conifer - Frequent Fire, current conditions for Ponderosa Pine Forest and
Ponderosa Pine - Evergreen Oak are nearly the same on and off the Tonto National Forest (that is,
seral state departure is nearly equal between plan and context scales). The only ecological
response unit showing improvement is Ponderosa Pine - Evergreen Oak where current treatments
(mechanical and prescribed) are moving the state class distributions closer to reference conditions
but still moderately departed after 100 years. Mixed Conifer - Frequent Fire departure is slightly
lower at the plan scale (62 percent) relative to the context scale (73 percent). Fire suppression and
exclusion, historic grazing and logging have been the major drivers of change in these systems
(Ponderosa Pine Forest, Mixed Conifer - Frequent Fire, and Ponderosa Pine-Evergreen Oak
ecological response units). These activities have resulted in stressed conditions, large patch sizes,
accumulation of coarse woody debris, and a loss of structural diversity — all of which increase the
risk of widespread mortality from fire, insects, and disease. Most ecological response units at the
Tonto Basin local scale have the highest departure relative to all the other local scales. This local
scale should be considered in setting management priorities or future planning efforts.

Forestwide, many of the woodlands have moderate to high seral state departure, specifically
among the Pinyon-Juniper Evergreen Shrub ecological response unit. Conditions for Pinyon-
Juniper Evergreen Shrub are moderately departed at the context scale (54 percent departure) but
noticeably better than conditions on the Tonto (76 percent departure). The higher departure on the
Tonto relative to the context area is the result of more acres are in closed-canopy states compared
to the context area. Large fires, such as the Cave Creek Complex fire, have also resulted in more
acres in grass/forb/shrub states (38 percent) than reference condition (5 percent) — another factor
contributing to high departure. Overtime, projections show lower departure because the
grass/forb/shrub states will move into the medium and large open states with seral state
proportions trending more towards reference conditions. For some woodlands, such as the
Pinyon-Juniper Woodland ecological response unit, fire exclusion has had little effect on seral
state departure because fire return intervals are naturally very long. Instead, drought and insect
outbreaks have been major contributors to recent changes in these communities and is likely the
cause for the moderate departure for the Pinyon-Juniper Woodland ecological response unit at the
Agua Fria and Lower Verde local scales on the Tonto.

Similar to the Ponderosa Pine ecological response unit, the Semi-Desert Grassland ecological
response unit has one of the highest seral state departures, both at the plan and context scale, and
projections at 100 years under current management show high seral state departure. The most
pronounced changes to the Semi-Desert Grassland ecological response unit has been an overall
shift from predominately open perennial grasslands to mixed grasslands (shrub, tree, and
perennial grass) and converted shrublands. Fire suppression and exclusion, land development, and
historic grazing have all contributed to shrub and tree encroachment, reduced productivity, and
lowered species diversity. The altered fire regime, along with the establishment and spread of
exotic grasses, are strongly influencing projections of decreased perennial grasslands. The
increase in some exotics, such as Lehmann lovegrass, results in a positive feedback loop where
initial benefits (such as providing fine fuels and increasing fire frequency) eventually result in
negative impacts such as increasing the extent of less-desirable exotic grasses, lowering
biodiversity, and increasing fire intensity.

Perhaps the most significant changes are projected to occur in the Mojave-Sonoran Desert Scrub
ecological response unit, where trends show this system going from low to high departure after
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100 years under current management. The largest change to this community type has been
conversion to grassland, a direct result of land management during the 19" century to increase
forage for livestock and wildlife. Historical grazing and burning has resulted in higher shrub
components than would be expected under reference conditions. Exotic grasses that burn easily
are becoming more common in the Sonoran Desert, resulting in more fires in these plant
communities. Projections show shrub and exotic states increasing in these systems, producing
contiguous fuel loads that result in higher wildfire risk. Following wet years, dense herbaceous
layers can quickly fill the interspaces and bare ground, creating more fuel and increasing wildfire
risk. Over time, increased fire frequency and severity can shift dominance from succulents and
cacti to species with superior post-fire regeneration.

Similarity to Site Potential

Plant communities have a range of functional and structural properties that affect hydrology,
nutrient cycling capability, and energy capture (Printz et al. 2014). For example, increases in
shrubs and decreases in native bunch grasses can reduce infiltration and increase runoff (Jordan et
al. 2007). Shifts in species composition (for example, only warm-season grasses) can negatively
affect soil biota, water balance, and biological integrity. Maintaining a range of plant species with
different adaptations to disturbance (for example, fire, long-term drought) will help promote
ecological integrity and soil sustainability (Printz et al. 2014).

Data and Analysis Process

Similarity to site potential measures the degree of similarity between existing and natural
(reference condition) plant communities for each ecological response unit. The natural plant
community is a suite of species expected to occupy a site based on edaphic (soil properties) and
climatic properties under natural disturbance regimes. Existing and natural communities are
developed from the terrestrial ecological unit inventory, ecological classifications built from
extensive field data on vegetation, climate, and soils (Jenny 1958, USDA Forest Service 1986b).
Ecological response units contain several or more terrestrial ecological unit inventory map units.
Similarity to site potential is calculated by species for each terrestrial ecological unit inventory
map unit, using the similarity to site potential equation (USDA Forest Service 1997), and area
weighted by ecological response unit to represent weighted similarity at the plan scale. The same
process was repeated by species within each lifeform category (forb, shrub, graminoid, and tree)
to display community level patterns that may be unequally influencing the overall site similarity
or departure from similarity.

Results

Table 6 shows forb, graminoid, shrub, tree, and overall similarity to site potential at the plan scale
for each ecological response unit. Ecological status is a nominal classification of similarity. Low
similarity indicates highly departed species composition that may result from nonnative species
invasion, altered disturbance regimes, degraded or changing environmental conditions, or other
influences. Altered species composition indicates lowered ecological integrity and has a negative
influence on sustainability. Forb species similarity is most dissimilar among ecological response
units, followed by graminoids, trees, and shrubs. While overall site similarity is a good indicator
of ecological status, lifeform similarity can inform the degree to which the community structure
has departed. For example, similarity to site potential is moderate for the Sonora-Mojave
Creosote-Bursage Desert Scrub ecological response unit; however, many native grasses
(graminoids) are poorly represented (low similarity). Overall, similarity to site potential is low for
many ecological response units due to a combination of fire suppression, historic grazing,
introduced grass species, timber harvest, and drought. Generally, high elevation ecological
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response units are more similar than low elevation ecological response units. Higher elevations
are cooler, wetter, and tend to have less inherent water stress, making them more resilient to
dramatic shifts in community structure and composition.

Table 6. Similarity to site potential by lifeform at plan scale

Plan
Ecological Response Unit (overall) Graminoids Shrubs

Interior Chaparral

Juniper Grass

Mixed Conifer - Frequent Fire

Madrean Encinal Woodland

Sonora-Mojave Creosote-Bursage
Desert Scrub

Sonoran Mid-Elevation Desert
Scrub

Sonoran Paloverde-Mixed Cactus
Desert Scrub

Pinyon-Juniper Evergreen Shrub

Pinyon-Juniper Grass

Pinyon-Juniper Woodland

Ponderosa Pine - Evergreen Oak

Ponderosa Pine Forest

Semi-Desert Grassland

Sonora-Mohave Mixed Salt Desert
Scrub

Red = low similarity (O to 33 percent); yellow = moderate similarity (34 to 66 percent); green = high similarity (66 to 100
percent).

Vegetative Groundcover

Vegetative groundcover is percent combined cover of basal vegetation and litter at the plan and
local scales. Groundcover provides soil stability, increases water capture, and improves moisture
retention. Reduction of groundcover can lead to decreased productivity, changes in runoff timing
and quantity, increased erosion, and increased sedimentation. Loss of effective vegetative
groundcover adjacent to riparian areas can pose serious risks by increasing erosion, sedimentation
and degrade aquatic ecosystems. Vegetation loss can also increase soil loss by wind and water
erosion, especially among areas with high erosion hazard (among steep slopes). Vegetative
groundcover has a strong influence on soil erosion potential.

Data and Analysis Process

Estimates of current and natural (reference condition) vegetative groundcover are available at the
plan scale in the Tonto National Forest’s terrestrial ecosystem survey. Total percent vegetative
cover includes basal area for all plant species, as well as percent cover of litter. The change in
percent vegetative groundcover is calculated for each terrestrial ecological unit, and then area-
weighted to determine the average departure within each ecological response unit. Plant basal
area and litter estimates are combined resulting in single averages that can exceed 100 percent.
Departure is based on a nominal ranking system (0 to 33 low, 34 to 66 moderate, and 67 to 100
high) and area weighted by ecological response unit.
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Results

The majority of the ecological response units at the plan scale show low to moderate departures
(table 7). The lower elevation ecological response units have low departure, however these
ecological response units historically had low vegetative groundcover. Most of the moderately
departed ecological response units are the woodlands and forest types. Mixed Conifer - Frequent
Fire is the only ecological response unit showing a high departure in vegetative ground cover.
Activities such as management-related ground disturbance, concentrated recreation, road
construction and development, and historic logging and grazing have reduced vegetative
groundcover in these systems. Departure is based on a nominal ranking system (0 to 33 low, 34 to
66 moderate, and 67 to 100 high) and area-weighted by ecological response unit.

Table 7. Vegetative groundcover departure from reference for each ecological response unit (ERU) at
the plan scale

Departure
ERU Code Ecological Response Unit Reference! Current?! Departure Category
SDS Sonora-Mojave Mixed Salt 4.7 3.4 44 Moderate
Desert Scrub
MSDS (CB) | Sonora-Mojave Creosote- 7.4 6.8 11 Low
Bursage Desert Scrub
MSDS Sonoran Mid-Elevation Desert 10.3 12.8 1 Low
(SOS) Scrub
MSDS (SP) | Sonoran Paloverde-Mixed 11.3 7.6 24 Low
Cactus Desert Scrub
IC Interior Chaparral 54.0 42.0 30 Low
SDG Semi-Desert Grassland 28 14 46 Moderate
PJO Pinyon-Juniper Woodland 71 29 39 Moderate
JUG Juniper Grass 49 21 44 Moderate
MEW Madrean Encinal Woodland 46 29 53 Moderate
PJC Pinyon-Juniper Evergreen Shrub 62 31 39 Moderate
PJG Pinyon-Juniper Grass 36 16 49 Moderate
PPE Ponderosa Pine - Evergreen Oak 97 60 31 Low
PPF Ponderosa Pine Forest 119 71 37 Moderate
MCD Mixed Conifer - Frequent Fire 132 68 80 High

1. Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent.

Coarse Woody Debris and Snag Density

Coarse woody debris is defined as dead woody material three inches and greater in diameter and
is typically measured in tons per acre. Coarse woody debris (downed woody material) serves as
an important ecological function. It provides wildlife habitat and contributes to the formation of
soil organic matter. Coarse woody debris also helps to reduce soil erosion by shielding the soil
surface from raindrop impact and interrupting rill and sheet erosion. Deficient coarse woody
debris and snags can indicate an uncharacteristic lack of habitat and inadequate nutrient cycling.
An overabundance may indicate underlying stress on an ecosystem (such as drought or insect
outbreaks, and potentially increases wildfire severity.

Snag density is defined as the number of stems per acre by diameter classes (for example, greater
than or equal to 8 inches or greater than or equal to 18 inches) at the plan scale. Snags are
standing dead or partially dead trees (snag-topped), often missing many or all limbs. Like coarse
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woody debris, snags (standing dead trees) serve an important ecological function. Large standing
snags provide key habitat for many species, such as woodpeckers that feed on insects dwelling in
decomposing wood. Snags are also a source of coarse woody debris when they fall providing
cover and foraging sites for small terrestrial mammals.

Data and Analysis Process

Data on existing coarse woody debris and snag densities is scarce for much of the Tonto.
Ponderosa Pine Forest, Ponderosa Pine - Evergreen Oak and Mixed Conifer - Frequent Fire are
the only ecological response units with stand exam (inventories) data, much of which is out of
date, and the terrestrial ecosystem surveys only recently began collecting data on coarse woody
debris and snags. As a result, forest inventory and analysis data was used as a surrogate for the
deficiencies in coarse woody debris and snag data. Forest Inventory and Analysis Program
conducts the nation’s continuous forest census, collecting, analyzing, and reporting information
on the status and trends of America’s forests (forest inventory and analysis,
http://www.fia.fs.fed.us ). Snag data collected at the regional level was synthesized by ecological
response unit and sere or seral state to develop coarse woody debris and snag density coefficients.
An analysis worksheet was then developed to calculate snag densities based upon reference and
current seral state proportions.

Also lacking is sufficient data on coarse woody debris and snags for the shrubland and grassland
ecological response units (Mohave Sonoran Desert Scrub, Interior Chaparral, Sonora-Mohave
Mixed Salt Desert Scrub, and Semi-Desert Grassland). Coarse woody debris and snag data is not
typically collected within these systems, and there is not enough information on current or
reference conditions to adequately assess conditions in these systems. These ecological response
units are also not considered forested systems so they were not included in the forest inventory
and analysis data set. Therefore, coarse woody debris and snags were not assessed for these
ecological response units. Coarse woody debris and snag conditions within these ecological
response units can be assessed in the future as further information becomes available for these
systems.

Results

Total departure is weighted by current seral stage proportion for both coarse woody debris and
snags. Because this analysis is primarily concerned with the benefits of coarse woody debris and
snags to wildlife and soil health, amounts in excess of reference condition are not considered in
departure and they are noted in table 8 as ND (no data).

The current distribution of coarse woody debris is well above reference conditions for most
ecological response units. Coarse woody debris is well distributed and abundant in many of the
mid to late seral stages, providing the full range of wildlife habitat and soil protection. However,
some ecological response units with excess levels (Ponderosa Pine - Evergreen Oak, Ponderosa
Pine Forest, and Mixed Conifer - Frequent Fire) are at a higher risk from fire hazards (altered fire
behavior, resistance to control) that can result in habitat loss. Fire exclusion, resulting in longer
fire return intervals, is a contributing factor to the accumulation and excess of coarse woody
debris. Areas with coarse woody debris of 40 tons per acre or greater can damage soils (heating)
through increased fire intensity.
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Table 8. Coarse woody debris and snags by ecological response unit

Coarse Woody Debris Snags per acre 28 | Snags per acre 218
(tons/acre) inches inches
0 3] c e o c = o c =
Ecological TS| O 2 < 3 2 S | o 2 <
Responseunit | 8| @ | 3 | & | & [ 3| & |&| 3| &
Pinyon-Juniper Early 0.3 0.7 ND
Grass (PJG) Md | 02 | 40 | ND
Late 3.0 9.8 ND

All 3.5 14.6 ND 5.0 5.7 18 1.0 0.9 Low
Juniper Grass Early 0.9 2.8 ND
(UG) Md | 03 | 21 | ND

Late 1.8 3.9 ND

All 3.0 8.8 ND 3.0 2.7 Low | 1.0 0.7 Low
Pinyon-Juniper Early 2.4 15 Low
(ngégfee” Shrub Fvig | 05 [ 122 | ND

Late 0.1 11.2 ND

All 3.0 23.9 ND 3.0 5.6 ND | 1.0 | 1.3 ND
Pinyon-Juniper Early 0.3 1.1 ND

Woodland (PJO) Mid 03 | 56 ND

Late 35 10.5 ND
All 4.1 17.3 ND 2.0 8.4 ND | 1.0 | 1.8 ND
Madrean Encinal Early 0.9 14 ND
Woodland (MEW) Mid 0.8 4.7 ND

Late 0.5 15.2 ND

All 2.2 21.3 ND 4.0 5.6 ND | 1.0 | 0.8 Low
Ponderosa Pine - Early 0.5 0.7 ND
(Eg’sgree” Oak Md | 08 | 55 | ND

Late 2.6 30.9 ND

All 3.8 37.1 ND 6.0 8.7 ND | 1.0 | 1.6 ND
Ponderosa Pine Early 9.0 9.7 NA*

Forest (PPF) Mid 90 | 336 | ND

Late 9.0 1.2 NA*

All 27.0 | 445 ND 11 7.8 ND | 0.8 | 0.8 ND
Mixed Conifer - Early 0.4 5.2 ND
Frequent Fire :
(MCD) Mid 1.8 6.0 ND

Late 13.0 | 33.6 ND

All 15.2 | 44.8 ND 90 | 195 | ND | 40 | 3.9 ND

1. Departure categories: Because this analysis is primarily concerned with the benefits of coarse woody debris and snags
to wildlife, amounts in excess of reference condition are not considered in departure (ND). Low departure from
reference conditions = 0 to 33 percent, green. There is no moderate or high departure for snags or coarse woody
debris.

NA* = Data unavailable.
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The Juniper Grass ecological response unit is the only unit that shows a low departure in both the
number of snags greater than or equal to 8 inches and snags greater than or equal to 18 inches.
Pinyon-Juniper Grass and Madrean Encinal Woodland ecological response units show a low
departure in the number of snags greater than or equal to 18 inches. This may be because many
larger trees have been harvested in the past or the species does not as frequently achieve
diameters over 18 inches (as in Madrean Encinal Woodland). Large pinyon and juniper trees are
also sought after by fuelwood gathers and often targeted for removal. The Ponderosa Pine Forest
ecological response unit also shows low departure in the number of snags greater than or equal to
18 inches. This departure is very slight, with current condition extremely close to the reference
conditions. The remaining woodland ecological response units (Pinyon-Juniper Evergreen Shrub,
Pinyon-Juniper Woodland, Ponderosa Pine - Evergreen Oak, and Mixed Conifer - Frequent Fire)
all show excess snags per acre in both the number of snags greater than or equal to 8 inches and
the number of snags greater than or equal to 18 inches. This uncharacteristic abundance of snags
per acre is especially true of smaller diameter snags, either because many larger trees have been
harvested in the past or underlying stress on the ecosystem (such as drought or insect outbreaks)
coupled with a longer fire return interval has resulted in a large number of smaller diameter
standing dead trees.

Patch Size

A patch is a contiguous area of the same system type in the same structural state. Patch size plays
a significant role in ecosystem integrity, species establishment, and wildfire behavior. Human
activities (such as fire suppression and historic timber harvesting), decreased fire frequency, and
increased fire severity have large impacts on patch characteristics (for example, patch size, shape,
and composition) and dynamics. In fire-adapted systems, many of these activities have created
uncharacteristically large patches of contiguous tree canopies, susceptible to large severe
wildfires (Schoennagel 2004). Disturbances (mainly fire) create forest openings that ultimately
shape patch development. Patch structure and composition depends on site conditions, species life
history traits (for example, dispersal mode and shade tolerance), and characteristics of the forest
opening. Patches near wetlands or lakes provide valuable seed sources for burned upland sites
following catastrophic fires. Light and wind can extend 200 to 300 meters inward at patch
perimeters (edge effects), producing distinct habitat at edges generally high in biodiversity
relative to the interior. The shape and size of patches affect wildlife use (interior species versus
edge species) and available habitat. Species may be at risk among highly fragmented habitat
when there are great distances between nearby patches (many amphibians will not move between
patches with distances greater than 300 meters).

Patch size influences wildfire behavior, insect and disease spread and persistence, and wildlife
habitat. Larger patches mean there is less diversity in a system than there was historically. This
may mean disturbances can spread more continuously, species composition is more uniform, and
there is less edge habitat. In general, the reduction in heterogeneity as patch size increases lowers
the resiliency of an ecosystem.

Data and Analysis Process

Midscale mapping (clipped to the Tonto National Forest boundary) was used to derive current
patch size based on a set of parameters (for example, tree diameter classes) specifying woodland,
forest, and non-tree patch types. The resulting geospatial layer was then intersected with the
Tonto National Forest ecological response unit geospatial layer to calculate average patch size for
each ecological response unit. Information on reference patch sizes for ecological response units,
were obtained from interpolation, fire regime, inferences, and available literature.
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Results

The scrublands (Interior Chaparral and Mohave Sonoran Desert Scrub ecological response units)
make up the largest percent of the Tonto National Forest (38 percent). Patch dynamics for the
Interior Chaparral ecological response unit are most affected by current long fire return intervals,
a shift from high- to low-severity fires, and fire suppression. Departure is low for desert
communities (Mohave Sonoran Desert Scrub) and moderate for Interior Chaparral. The Semi-
Desert Grassland ecological response unit represents 12 percent of the Tonto National Forest.
Small, highly departed patch sizes are the result of woody encroachment from historic livestock
grazing, drought, reduced fire frequency, and fire suppression. Woodlands make up the second
largest proportion of vegetation types on the Tonto National Forest (35 percent). Three out of five
woodland ecological response units (60 percent) have moderate to high departure. Fire
suppression and loss of surface fires through reduction or loss of understory forbs and grasses
have resulted in fewer patches and increased patch sizes. For some woodland ecological response
units, lowered fire severity has produced smaller patch sizes. For other woodlands, the loss of
frequent low severity fires has produced large patch sizes. Two out of three forest ecological
response units (66 percent) are highly departed. Large patch sizes are attributed to past even-aged
management and fire exclusion.

Table 9. Average patch size (acres) at the plan scale

Upper Reference

System Ecological Lower Reference Condition Current Departure %
Type Response Unit Condition (acres) (acres) Patch Size and class
Shrubland | Mojave-Sonoran 4,212 8,125 4,469 0
Desert Scrub Low
Shrubland | Interior Chaparral 930 2,120 359 61
Moderate
Grassland | Semi-Desert 1,015 1,343 47
Grassland
Woodland | Pinyon-Juniper 50 400 24 52
Woodland Moderate
Woodland | Juniper Grass 0.07 0.50 30
Woodland | Madrean Encinal 0.07 50 30
Woodland
Woodland | Pinyon-Juniper 50 200 40
Evergreen Shrub
Woodland | Pinyon-Juniper 0.07 1 19
Grass
Forest Ponderosa Pine - 0.02 50 150
Evergreen Oak
Forest Ponderosa Pine 0.02 0.5 363
Forest
Forest Mixed Conifer - 0.02 50 59
Frequent Fire Low

Low departure = 0 to 33 percent; moderate departure = 34 to 66 percent; high departure = 67 to 100 percent

Fire Regime
Fire regime is a combination of the fire frequency and the fire severity. Fire severity is the ratio of
stand replacement to non-lethal effects within a burn. Fire frequency was assessed for the national
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forests within the context scale and applied to the plan scale. Fire is an integral component in the
function and biodiversity of many natural habitats and organisms, and these communities have
adapted to withstand and even to exploit natural wildfire. More generally, fire is regarded as a
natural disturbance, similar to flooding, windstorms, and landslides, that has driven the evolution
of species and controls the characteristics of ecosystems. Each ecological response units has a
characteristic fire regime that is integral to its ecological integrity.

Data and Analysis Process

Fire severity data was obtained from the Monitoring Trends in Burn Severity website
(http://www.mtbs.gov) Reference conditions were derived from LANDFIRE 2010 and TNC 2006
as adapted in Wahlberg and others 2013. The 30-year fire history includes 1984, 1986 to 2012
obtained from Monitoring Trends in Burn Severity data. Data for years 2013 through 2014 were
obtained from the Rapid Assessment of Vegetation Condition after Wildfire data (Miller et al.
2007; Rollins et al. 2006). The Rapid Assessment of Vegetation Condition after Wildfire process
was used because Monitoring Trends in Burn Severity data was incomplete for 2013 and 2014.
Each year’s acres burned in each severity class by ecological response unit were derived by
intersecting the Monitoring Trends in Burn Severity data set with the ecological response unit
layer at the context scale. Fire severity was summarized by ecological response unit at the plan
and context scales.

Fire frequency at the plan scale is based on Tonto National Forest fire history data from the 30-
year period between 1984 and 2013. Average acreage burned per year was calculated for each
ecological response unit, and the total ecological response unit acreage was divided by the
average to obtain the mean fire return interval.

Results

During the years 1983 to 2013, a total of 8,262 wildfires burned 833,917 acres on the Tonto
National Forest. Forestwide, the number of human-caused versus lightning-caused fires is almost
evenly split. The two ‘Rim’ districts, Payson and Pleasant Valley, have a greater majority of
lightning-caused fires. The Mesa Ranger District, with the highest recreational use and bordering
the largest population centers, had the largest proportion of human-caused fires. The trend over
time has been a decline in the total number of fires, although some individual large wildfires in
recent years have burned many more acres than the Tonto experienced historically.

During the 30-year study period, several wildland fires had a significant and lasting effect on the
landscape, altering the structure, composition, continuity, and function of the ecosystem and
accelerating erosion. The Dude Fire in 1990 is often associated with a switch to wildfires
exhibiting extreme behavior and unprecedented size.

Fire Frequency and Severity

A natural fire regime is a general classification of the role fire would play across a landscape in
the absence of modern human mechanical intervention, but including the influence of aboriginal
burning (Agee 1993, Brown 1995). Coarse-scale definitions for natural (historical) fire regimes
have been developed by Hardy et al. (2001) and Schmidt et al. (2002) and interpreted for fire and
fuels management by Hann and Bunnell (2001). The five natural (historical) fire regimes are
classified based on average number of years between fires (fire frequency) combined with the
severity (amount of replacement) of the fire on the dominant overstory vegetation. These five
regimes are described in table 10.
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Table 10. Fire regime descriptions

Fire
Regime Fire Frequency Severity
I 0-35 year Low (surface fires most common) to mixed
frequency Less than 75% of the dominant overstory vegetation replaced
Il 0-35 year High (stand replacement)
frequency Greater than 75% of the dominant overstory vegetation replaced
1 35-100+ year Mixed
frequency Less than 75% of the dominant overstory vegetation replaced
\% 35-100+ year High (stand replacement)
frequency Greater than 75% of the dominant overstory vegetation replaced
\% 200+ year High (stand replacement)
frequency Greater than 75% of the dominant overstory vegetation replaced

Fire regimes are listed for each ecological response unit below (table 11) and are universal and
constant for each ecosystem in reference (natural condition). Some ecological response units may
display more than one regime, depending on seral state and stage of succession. Included in table
11 are comparisons of contemporary (current) average years between fires or fire return interval
and the reference (historic) low end (more frequent) and high end (less frequent) intervals.
Ecological response units that show departure from the range of reference fire return interval will
suffer changes their relationship with fire as an ecological function.

Table 11. Fire return intervals by ecological response unit

Reference Reference
Fire Forest Mean Return Interval | Return Interval

Ecological Response Unit Regime Return Interval (low) (high)
Mojave-Sonoran Desert Scrub None / 1l 126 35 100+
(MSDS)
Semi-Desert Grassland (SDG) Il 210 0 35
Interior Chaparral (IC) IV (1) 128 35 100+

(0) (35)

Pinyon-Juniper Grass (PJG) | 215 0 35
Juniper Grass (JUG) | 96 0 35
Pinyon-Juniper Evergreen Shrub /v 272 35 100+
(PJC)
Pinyon-Juniper Woodland (PJO) V (111) 201 35 200+
Madrean Encinal Woodland 1 (1) 170 0 35
(MEW) (35) (100+)
Ponderosa Pine - Evergreen Oak I (1) 115 0 35
(PPE) (35) (100+)
Ponderosa Pine Forest (PPF) | 84 0 35
Mixed Conifer - Frequent Fire 1 (1) 58 0 35
(MCD) (35) (100+)

Table 12 displays the fire regimes by ecological response unit and the percent of acres burned in
each ecological response unit by severity class. We would expect ecological response units within
their respective fire regime to experience varying amounts of fire severity. In this specific case,
fire severity refers to the effect of fire on the dominant vegetation type. As an example, the
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Ponderosa Pine Forest ecological response unit would be expected to experience 75 percent or
more non-lethal fire with some minor patches of mixed severity (fire regime I). However, 37
percent of acres burned by contemporary fires in the Ponderosa Pine Forest ecological response
unit have experienced mixed to stand-replacing severity. Overall, all ecological response units
with a reference fire regime of | are experiencing more high-severity fires than would be expected
historically. This change in fire severity is influenced by the lengthening of the fire interval,
increased fuel loading, and more complex fuel structure. Ecological response units with less
frequent and higher severity fire regimes (111, 1V, V), such as Interior Chaparral and Pinyon-
Juniper Woodlands, are burning with severities more similar to those expected historically.

Table 12. Fire severity by ecological response unit (ERU)

Percent of Burned

Ecological Response Unit Fire Regime Severity Class Acres
Mojave-Sonoran Desert Scrub None / I Non-Lethal 75 %
(MSDS) Mixed Severity 20 %

Stand-Replacing 5%

Semi-Desert Grassland (SDG) Il Non-Lethal 72 %
Mixed Severity 22%

Stand-Replacing 6 %

Interior Chaparral (IC) IV (1) Non-Lethal 51 %
Mixed Severity 33%

Stand-Replacing 16 %

Pinyon-Juniper Grass (PJG) | Non-Lethal 42 %
Mixed Severity 29 %

Stand-Replacing 29 %

Juniper Grass (JUG) Non-Lethal 74 %
Mixed Severity 21 %

Stand-Replacing 5%

Pinyon-Juniper Evergreen /v Non-Lethal 57 %
Shrub (PJC) Mixed Severity 25 %
Stand-Replacing 18 %

Pinyon-Juniper Woodland V (111) Non-Lethal 68 %
(PJO) Mixed Severity 27 %
Stand-Replacing 5%

Madrean Encinal Woodland I (1) Non-Lethal 57 %
(MEW) Mixed Severity 38 %
Stand-Replacing 5%

Ponderosa Pine - Evergreen I (1) Non-Lethal 57 %
Oak (PPE) Mixed Severity 27 %
Stand-Replacing 16 %

Ponderosa Pine Forest (PPF) Non-Lethal 63 %
Mixed Severity 21 %

Stand-Replacing 16 %

Mixed Conifer - Frequent Fire 1 (1) Non-Lethal 50 %
(MDC) Mixed Severity 26 %
Stand-Replacing 24 %

Fire severity and fire interval have changed for these ecological response units spread across the
mid portions of the Lower Verde subbasin, Tonto Creek subbasin, and Upper Salt subbasin, and to
a lesser extent, part of the Agua Fria subbasin. Any ecological response units that showed a
significant amount of acres in the fire regime 111, as these did, are at higher risk.
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The pine, pine-oak, and the dry mixed-conifer ecological response units (Ponderosa Pine Forest,
Ponderosa Pine - Evergreen Oak, Mixed Conifer - Frequent Fire) are located below the Mogollon
Rim in the northern portions of the Lower Verde subbasin, Tonto Creek subbasin, and Upper Salt
subbasin. There are additional coniferous forests, to a lesser extent, in the southern part of the
Upper Salt subbasin. This expression of departure indicates these ecological response units are at
increasing risk.

Some of the ecological response units on the Tonto National Forest would not have fires burning
at reference conditions in all three severity classes or even two of the classes. But because of
departure, all the ecological response units on the Tonto have fires in the 30-year history burning
at all three severity classes.

Fire Regime Condition Class

Fire regime condition class combines successional state departure and fire regime departure into a
single metric. Fire regime condition class is an important tool for measuring the effectiveness of
efforts to maintain sustainable landscapes (National Interagency Fuels, Fire, and Vegetation
Technology Transfer 2010). Fire regime condition class ratings describe a level of departure from
native ecosystems as they existed prior to Euro-American settlement:

o Fire regime condition class | — Fire regimes are within the natural range of variation and risk
of losing key ecosystem components is low. Vegetation attributes (composition and structure)
are intact and functioning (departure less than 33 percent).

e Fire regime condition class Il — Fire regimes have been moderately altered. Risk of losing key
ecosystem components is moderate. Fire frequencies may have departed by one or more
return intervals (either increased or decreased), potentially resulting in moderate changes in
fire and vegetation attributes (33 to 66 percent departed).

o Fire regime condition class 1l — Fire regimes have been substantially altered. Risk of losing
key ecosystem components is high. Fire frequencies may have departed by multiple return
intervals, potentially resulting in dramatic changes in fire size, fire intensity, and fire severity
as well as landscape patterns. Vegetation attributes have been substantially altered (more than
66 percent departed).

Data and Analysis Process

Fire regime condition class was calculated at the local scale by averaging seral state proportion
departure and fire regime departure. Characteristic fire regime was defined as the average of
historic range of variation reported for each ecological response unit below. Local scale ratings
were area weighted for each ecological response unit to determine a percentage by class at the
plan scale. Ecological response units with higher proportions in fire regime condition class Il or
I11 are at higher risk of loss of ecosystem integrity as a result of uncharacteristic disturbance.
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Fire regime condition class is a classification of the amount of departure from the historical
natural fire regime (Hann and Bunnell 2001). Coarse-scale fire regime condition class includes
three condition classes for each fire regime. The departure in each class results from changes to
one (or more) of the following ecological components:

e \egetation characteristics (species composition, structural stages, stand age, canopy closure,
and mosaic pattern)

e Fuel composition
o Fire frequency
e Severity and pattern

e Other associated disturbances (for example, insect and disease mortality, grazing, and
drought)

The three classes are based on low (fire regime condition class I), moderate (fire regime condition
class 1), and high (fire regime condition class I11) departure, as described below in table 13. The
greater the departure from natural conditions a forested site is, the greater probability of dramatic
disturbance from agents such as insect, disease, fire, and flood. Condition classes are used as a
risk factor in forest health analysis. Low departure is considered to be within the natural
(historical) range of variation, while moderate and high departures are outside.

Table 13. Fire regime condition class descriptions

Fire Regime

Condition Class Description Potential Risks

Condition Class |

Within the natural (historical)
range of variation of vegetation
characteristics; fuel
composition; fire frequency
severity and pattern; and other
associated disturbances

Fire behavior, effects, and other associated
disturbances are similar to those that
occurred prior to fire exclusion (suppression)
and other types of management that do not
mimic the natural fire regime and associated
vegetation and fuel characteristics.

Composition and structure of vegetation and
fuels are similar to the natural (historical)
regime

Risk of loss of key ecosystem components
(for example, native species, large trees, and
soil) is low.

Condition Class Il

Moderate departure from the
natural (historical) regime of
vegetation characteristics; fuel
composition; fire frequency,
severity and pattern; and other
associated disturbances

Fire behavior, effects, and other associated
disturbances are moderately departed (more
or less severe).

Composition and structure of vegetation and
fuel are moderately altered.
Risk of loss of key ecosystem components is

moderate; Uncharacteristic conditions range
from low to moderate.

Condition Class IlI

High departure from the natural
(historical) regime of vegetation
characteristics; fuel
composition; fire frequency,
severity and pattern; and other
associated disturbances

Fire behavior, effects, and other associated
disturbances are highly departed (more or
less severe).

Composition and structure of vegetation and
fuel are highly altered

Uncharacteristic conditions range from
moderate to high; Risk of loss of key
ecosystem components is high.
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Characteristic vegetation and fuel conditions are considered to be those that occurred within the
natural (historical) fire regime. Uncharacteristic conditions are considered to be those that did not
occur within the natural (historical) fire regime, such as invasive species (weeds, insects, and
diseases), “high graded” forest composition and structure (large trees removed in a frequent
surface fire regime would be atypical or unnatural), or repeated annual grazing that maintains
grassy fuels across relatively large areas at levels that will not carry a surface fire. Determination
of amount of departure is based on comparison of a composite measure of fire regime attributes
(vegetation characteristics; fuel composition; fire frequency, severity, and pattern) to the central
tendency of the natural (historical) fire regime.

Results

The fire regime would remain constant for each of the different vegetation types (ecological
response units) but the condition class would move closer to a condition class 1, where vegetation
composition, structure, and fuels are similar to those of the natural regime and do not predispose
the system to risk of loss of key ecosystem components. Condition class 1 for the pine types,
Ponderosa Pine Forest and Ponderosa Pine - Evergreen Oak (both fire regime 1), would resemble
an open forest maintained by frequent, low-severity fires. Condition class 1 for the woodland
types, Pinyon-Juniper Woodland and Madrean Encinal Woodland (both fire regime I11), would
resemble a mosaic of open forest to mid-seral maintained by mixed-severity fires recurring
generally every 35 to 100 years.

Table 14. Fire regime condition class by percent in each ecological response unit

% ERU on Fire Regime | Fire Regime | Fire Regime
Ecological Response ERU Tonto National | Condition Condition Condition
Unit (ERU) Acreage Forest Class 1 Class 2 Class 3
Mixed Conifer - 51,990 2% 23 % 29 % 48 %
Frequent Fire (MDC)
Madrean Encinal 93,769 3% 0% 100 % 0%
Woodland (MEW)
Sonoran Palo Verde- 624,610 21% 44 % 0% 56 %
Mixed Cactus Desert
Scrub (MSDS-SP)
Pinyon-Juniper 402,035 13% 21 % 79 % 0%
Evergreen Shrub (PJC)
Pinyon-Juniper Grass 80,699 3% 0% 100 % 0%
(PJG)
Pinyon-Juniper 55,963 2% 20 % 80 % 0%
Woodland (PJO)
Ponderosa Pine - 217,838 7% 0% 54 % 46 %
Evergreen Oak (PPE)
Ponderosa Pine Forest 37,471 1% 0% 49 % 51 %
(PPF)
Juniper Grass (JUG) 416,445 14 % 0% 100 % 0%
Semi-Desert Grassland 346,707 12 % 0 % 52 % 48 %
(SDG)
Interior Chaparral (IC) 294,352 10 % 22 % 78 % 0%
Totals 2,621,880 88 %
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Madrean Encinal Woodland and Juniper Grass ecological response units are the only ones
showing all their acres in fire regime condition class Il. This indicates that, although there are
many acres that are removed from reference conditions, they could move towards condition
class I with subsequent management or moderate disturbance such as the reintroduction of fire in
those ecosystems.

Terrestrial Ecosystem Stressors

All ecosystems are adapted to a range of natural disturbances, such as fire, insect outbreaks, and
drought. Large changes in vegetation structure, composition and ecological processes can occur
under natural disturbances but when systems are resilient recovery is generally rapid (Rapport
and Whitford 1999). Anthropogenic stressors (land use, introduction of exotic species,
overharvesting, management) has reduced resiliency among many ecosystems over the past
century, impairing and or reducing biodiversity and ecological integrity. Therefore even system
drivers, such as fire or insects, can become stressors among highly impaired ecosystems.

Insect and Disease

Insects and pathogens are natural disturbance agents, however they can also function as stressors
when the resiliency of a system is compromised (for example, high stand density, prolonged
drought), allowing pathogens and insect outbreaks to reach lethal levels. Under natural
conditions, activity by these agents should always be expected, though extent and severity of
damage will vary.

A century-long record of insect and disease activity on the Tonto National Forest provides some
information on which species impact it, how often to expect outbreaks of insects and transitory
pathogens, and how much damage to expect from insects and diseases. Due to the episodic nature
of insect outbreaks, damage must be evaluated over an extended period before designating any
shorter period as unusual. Overall, insect activity has increased on Tonto National Forest since the
late 1990s, and the acreage affected in the ponderosa pine forest and pinyon-juniper woodlands is
much greater than during any earlier period in the historic record. It has not been determined if
differences between the 1950s and contemporary drought is due entirely to changes in forest
structure and composition or if different temperature regimes also play a role (Breshears et al.
2005).

It would not be prudent to expect insect activity over the next 10 to 20 years to be similar to the
1970s and 1980s. Contemporary trends have enough differences from historic trends to anticipate
altered ecosystem processes. The co-occurrence of competitive vegetation densities, drought, and
warm climate has increased forest vulnerability to herbivorous insects, especially bark beetles.
There is potential for catastrophic insect outbreaks to continue in the pine and mixed-conifer
forests, but it is difficult to characterize the risks in a temporal framework of 10 to 20 years.
There is more uncertainty regarding future insect outbreaks than the past record indicates. The
Tonto National Forest is in a period of significant climatic and ecological change and should
expect additional large-scale insect disturbances, though the details of those events cannot be
predicted.

In the pinyon-juniper woodland communities, the extent and severity of the die-off, higher levels
of mortality in the larger, reproductive trees, and preferential mortality of pinyon versus juniper,
is causing a vegetation shift. Pinyon-juniper woodlands are becoming dominated by juniper, a
species typical of lower elevation and more arid conditions (Allen 2007; Mueller et al. 2005).
Pinyon needle scale is known to increase susceptibility to bark beetle attacks, as observed during
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multiple outbreaks in 2009 and 2010. Severe infections of pinyon dwarf mistletoe can increase
susceptibility to bark beetle infections. Within the Pinyon-Juniper Woodland ecological response
unit, insects and pathogens are likely a more causal natural disturbance agent than fire.

Due to the high variability of species compositions in mixed conifer forests, multiple insect pests
occur, and the relative risk of damaging outbreaks by these species varies with availability of host
species. Douglas fire tussock moth is present in the Pinal and Sierra Ancha Mountains. It
preferentially attacks white fir and Douglas fir and can cause total defoliation of trees with
mortality of up to 40 to 100 percent, which can trigger subsequent Douglas fir beetle outbreaks.
Though acreage affected recently by Douglas-fir beetle is small with respect to the extensive
mortality in ponderosa pine and pinyon-juniper, Douglas-fir beetle has the potential to cause
considerable damage under the right conditions. Resource impacts can be considerable because of
the insect’s preference for the largest trees, which are valued for numerous reasons. Large trees
also disproportionately contribute to Douglas-fir beetle population growth, as Douglas-fir beetle
prefers large trees and large amounts of beetle brood are produced in large, infested trees.

Fir engraver attacks white fir trees stressed by drought, defoliation, root disease, and competition
(Ferrell et al. 1994). Although earlier records do not indicate this insect caused significant damage
on the Tonto National Forest, white fir prevalence has been increasing on the Tonto due to fire
exclusion and so have its pests. Root disease is probably increasing due to the increase in
susceptible non-resinous conifer species, though because of the difficulties associated with
identifying this pathogen, impacts are generally underestimated. Spruce aphid, an exotic insect
that became established on Tonto National Forest between the 1990s and 2000s, can cause 25 to
40 percent mortality of severely damaged trees (many already infested with dwarf mistletoe).
Aspen are declining across the Southwest. They are at risk for increasing western tent caterpillar
defoliation (among other species) and activity of bark beetle species (less risk).

In ponderosa pine-dominated forests, the affected area is much larger than the affected pinyon-
juniper area. These forests remain dominated by ponderosa pine, though the demographic
distributions may have changed. Bark beetles (Ips and Dendroctonus species) caused an
unprecedented severe outbreak in the 2000s. They occurred in over 63 percent of Ponderosa Pine
Forest and Ponderosa Pine - Evergreen Oak ecological response units and caused 24 to 25 percent
mortality, which was close to 100 percent of trees in some stands. There is an increasing trend of
bark beetles in dense stands of smaller-diameter trees or drought- or mistletoe-stressed trees.
Dwarf mistletoe infection is widespread and increasing. A survey completed 30 years ago found
infection in 19 percent of commercial acres; more recent surveys found it infecting 47 percent.
This increase is caused by a change in fire regimes and management practices and is a high risk
because heavy mistletoe infections often precede chronic bark beetle attacks. Ponderosa pine
needleminer was not recorded on Tonto National Forest prior to 1999 and doesn’t currently pose a
severe risk, but it is capable of large outbreaks in extensive areas of host trees and potential
mortality. Tip moths and shoot borers can damage the main stem of young trees and retard or
deform growth in fire and bark beetle recovery areas, which has the potential to become a risk
into the future.

Several of these changes in disturbance regimes appear to be responses to changes in forest
structure and composition that resulted from fire exclusion and past management practices: 1ps
species responding to an abundance of dense, small-diameter ponderosa pine, at least to some
extent; pinyon Ips responding to increased extent and density of pinyon; and spread and
intensification of dwarf mistletoe in ponderosa pine. Drought is clearly a factor as well, but the
specific role a warming climate plays is not clear. Other than continued spread and intensification
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of dwarf mistletoe populations, and subsequent increased tree and forest vulnerability to bark
beetles, pathogen response to climate change, insect outbreaks, and altered forest composition
and fire regimes is less predictable than insect population responses. Additionally, there is
uncertainty regarding the potential introduction and effects of exotic insect and pathogen species,
as well as the effects of exotic invasive plants on forest disturbance regimes, including insect and
pathogen disturbance agents. Even in the face of uncertainty regarding future climate and insect
and pathogen activity, general management recommendations for reducing susceptibility and
vulnerability to insects and diseases remain the same: improve tree vigor and maintain forest
health by maintaining natural species, size, and age class distributions.

Invasive Plant Species

Defined under the executive order establishing the National Invasive Species Council, an invasive
species is “an alien species whose introduction does or is likely to cause economic or
environmental harm or harm to human health” (Exec. No. 13112, 1999). Invasive species are not
necessarily the same as noxious weeds (although many are invasive). Noxious weeds are species
designated by Federal, State, or County government as harmful to humans, agriculture crops,
ecosystems, and livestock (Sheley et al. 1999). In this section of the assessment, we describe
invasive species capable of altering native species composition, structure and ecosystem
functioning. Noxious weeds and their effects on human health, livestock, fish and wildlife,
recreation, and economics are discussed in the appropriate sections of the assessment. The
establishment and spread of invasive species can increase wildfire risk (for example, production
of fine fuels from exotic grasses), affect soil erosion and chemistry, alter nutrient cycling, and
displace other species. Generally these effects are greatest when disturbance is high and site
conditions are poor.

Data and Analysis Process

A categorized list of invasive nonnative plants for the State of Arizona was developed by the
Arizona Wildlands Invasive Plant Working Group. The group is comprised of representatives
from Federal, State, and local organizations: U.S. Department of Agriculture, U.S. Geological
Survey, The Nature Conservancy, the National Park Service, Northern Arizona University,
University of Arizona, and others (Warner et al. 2003). Species ranking (high, medium, low) are
evaluated based on ecological impacts (fire occurrence, erosion, hydrological regimes, nutrient
cycling), invasiveness (role of human and natural disturbance in establishment), ecological
distribution (the extent of invasion for a given ecological type) and current ecological amplitude
(the number of ecological types invaded). Caution should be taken when interpreting invasive
species risk to ecosystems. Arizona Wildlands Invasive Plant Working Group rankings describe
invasive species overall risk to ecosystems across species range; however, effects on ecosystems
can vary between sites (or example, high-elevation versus low-elevation sites). Invasive species,
distribution (mapped and inferred) and risk to ecosystems are described for each ecological
response unit on the Tonto National Forest.
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Results

The Tonto National Forest has a relatively low abundance of invasive species compared to other
western forests. Threats to ecosystems from invasive plant species are generally more severe
among low- to mid-elevation sites (D’ Antonio et al. 2004; Klinger et al. 2006). Out of the known
invasive species on the Tonto National Forest, invasive grasses are the most abundant and
widespread. Cool-season, annual brome grasses pose significant threats to the Arizona-upland
subdivision of the Sonoran Desert by increasing fires and displacing native species not adapted to
fire (D’Antonio and Vitousek 1992). The Cave Creek Complex Fire in 2005, fueled by red brome,
killed a significant proportion (estimated 20 percent) of the cacti and succulent vegetation of the
Sonoran Desert scrub in Arizona (Tonto National Forest Invasives EA 2012). Other exotic
grasses, such as fountain grass and buffelgrass, are fire adapted and when growing in an
ecosystem not adapted to fire, such as the Sonoran Desert, are capable of disrupting fire regimes
and displacing native grass species. In systems where fire is part of the ecology (desert grasslands
and chaparral), fountain grass is less of an ecological threat (\Van Devender 2004 in Fountain
Grass Assessment). Invasive forb species (for example, knapweed and thistles) represent a fairly
small proportion of inventoried weeds; they are mainly found on recently disturbed soils along
roads and highways. They have the potential to displace native species and increase soil erosion,
especially among sites once occupied by native sod-forming bunch grasses. Additionally, many
invasive forbs (Dalmatian toadflax, Scotch and bull thistles) are not typically used by native
wildlife.

Most of the weeds inventoried on the Tonto are near highways or main roads for three reasons: 1)
much of the survey effort has been conducted for road construction or maintenance projects (there
are more remote infestations, but they are harder to find and may not be near projects that require
survey); 2) weeds tend to initially establish in disturbed areas such as road shoulders and barrow
ditches; and 3) roads and motorized trails are known to be effective vectors for transporting
invasive plant propagules (vegetative and seed sources). Recreational vehicles (all-terrain
vehicles, bicycles, and motorcycles), road use, construction, and maintenance (road-grading
equipment) directly affect soil compaction and erosion which directly affect the establishment
and spread of invasive species.

The invasive plant species found on the Tonto National Forest are described below. The Arizona
Wildlands Invasive Plant Working Group ranking (high, medium, low) is evaluated based on
ecological impacts (fire occurrence, erosion, hydrological regimes, nutrient cycling), invasiveness
(role of human and natural disturbance in establishment), ecological distribution (the extent of
invasion for a given ecological type) and current ecological amplitude (the number of ecological
types invaded).

The Tonto National Forest categorizes invasive plant species as class A, B, or C weeds. Class A
weeds are limited in distribution in Arizona, and the management goal is eradication. Class B
weeds are of limited distribution in Arizona, and the management goal is to contain spread and
eliminate populations. Class C weeds have spread beyond the capability to eradicate; the
management goal is to reduce population sizes if possible.

e Asian mustard (Brassica tournefortii): 3,000 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is moderate. The Tonto National Forest
category is class C. This species is widespread on the Tonto. It progresses in waves following
extremely wet years. Biomass accumulates at roadsides increasing wildfire risk to adjacent
deserts.
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Buffelgrass (Pennisetum ciliare): 6,000 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest category
is class B. This species has limited distribution; it is mostly restricted to roadsides. Potential
fuel loads of buffelgrass may lead to increased wildfire risk.

Bull thistle (Cirsium vulgare): 20,000 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is low. The Tonto National Forest category
is class C. This species has limited distribution; it is primarily found at higher moist sites.
Bull thistle does not compete well with established native vegetation. It requires disturbance
for seeds to land and germinate.

Canada thistle (Cirsium arvense): 8 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is moderate. The Tonto National Forest
category is class A. This species has limited distribution; it is found near Canyon Creek in the
Pleasant Valley Ranger District. Canada thistle competes with native vegetation and depletes
soil nutrients and moisture.

Dalmatian toadflax (Linaria dalmatica): 35 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is moderate. The Tonto National Forest
category is class A. The distribution is limited; it is found near the Payson Ranger District.
With Dalmation toadflax, there is intense competition for soil water by mature, well-
developed tap roots and extensive lateral roots.

Diffuse knapweed (Centaurea diffusa): 250 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is moderate. The Tonto National Forest
category is class B. This species has limited distribution; there are small infestations in the
Pleasant Valley Ranger District. Impacts of diffuse knapweed are increased soil erosion.

Fountain grass (Pennisetum setaceum): 7,000 acres on the Tonto National Forest. The
Arizona Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest
category is class B. This species is widespread on the Tonto; it is found on all ranger districts.
Fountain grass increases fuel loads which increases intensity and spread of fires.

Jointed goatgrass (Aegilops cylindrical): 10 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is low. The Tonto National Forest category
is class B. This species has limited distribution; recent populations were discovered along
Highway 87. If established, jointed goatgrass may produce sufficient litter to carry surface
fires.

Malta starthistle (Centaurea melitensis): 65,000 acres on the Tonto National Forest. The
Arizona Wildlands Invasive Plant Working Group ranking is moderate. The Tonto National
Forest category is class C. This species is widespread at low elevations. Malta starthistle
increases soil moisture loss and erosion.

Red brome (Bromus rubens): 150,000 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest category
is class C. This species is widespread at low to mid elevations. Red brome alters fire
frequency, intensity, and spread. It depletes soil moisture and nutrients.

Russian knapweed (Acroptilon repens): 2 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest category
is class A. This species has limited distribution; it is found near Payson and Gordon Canyon.
Russian knapweed alters soil chemistry and soil moisture and may increase fire return
intervals.
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e Scotch thistle (Onopordum acanthium): 50 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is low. The Tonto National Forest category
is class B. This species has limited distribution; it is found at mid to high elevations, riparian
areas. Scotch thistle impacts to ecosystems are not clear. It invades areas where native, sod-
forming species have been displaced.

e Sweet resinbush (Euryops subcarnosus): 27 acres on the Tonto National Forest. The Arizona
Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest category
is class A. This species has limited distribution; it is found in the Tonto Basin. Sweet
resinbush increases soil erosion. There are few localized populations with active control
efforts.

o Yellow starthistle (Centaurea solstitialis): 8,000 acres on the Tonto National Forest. The
Arizona Wildlands Invasive Plant Working Group ranking is high. The Tonto National Forest
category is class B. This species has limited distribution, mainly at higher elevations. Yellow
starthistle increases in soil moisture loss and erosion.

Invasive species acreage, distribution, and known impacts on the Tonto National Forest are
summarized from the “Environmental Assessment for Integrated Treatment of Noxious or
Invasive Plants” (USDA Forest Service 2012). Other sources used to assess invasive species
impacts were obtained from the Arizona Wildlands Invasive Plant Working Group through the
Southwest Exotic Plant Information Clearinghouse (Warner et al. 2003).

Terrestrial Vegetation

Sonora-Mojave Mixed Salt Desert Scrub (SDS)
Elevation: 1,900 — 3,200 feet

Table 15. Distribution (acres and percent) at the context, plan, and local scales for Sonora-Mojave
Mixed Salt Desert Scrub

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
319,354 21,095 0 2,387 12,091 6,616 0
3% 1% 0 0.3% 1.9% 0.9% 0
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The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (the
national forest). Proportional representation can range from negative one (low; more common at
the context scale) to positive one (high; more common at the plan scale). See the “Terrestrial
Ecosystem Spatial Niche” section for complete analysis.

Table 16. Terrestrial ecosystem niche, Sonora-Mojave Mixed Salt Desert Scrub

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
6.6% -0.55 Low

Photo 1. Sonora-Mojave Mixed Salt Desert Scrub

Regionally, this vegetation type is rare on national forest lands. It occurs in the low sun mild
climate gradient and includes extensive open-canopied shrublands of typically saline basins in the
Mojave and Sonoran Deserts. Stands often occur around playas. Substrates are generally fine-
textured, saline soils. Vegetation is typically composed of one or more saltbush species such as
Atriplex canescence or Atriplex polycarpa along with other species of Atriplex. Species of
Allenrolfea, Salicornia, Suaeda, or other halophytic plants are often present to codominant.
Graminoid species may include Sporobolus airoides or Distichlis spicata at varying densities.
Making up 1 percent of the Tonto National Forest, the Sonora-Mojave Mixed Salt Desert Scrub
ecological response unit is poorly represented. Most acres are located in the Tonto Basin zone and
Upper Salt zone with minor occurrences in the Lower Verde zone. Modeling was not done for this
ecological response unit as it has too few acres on the Tonto National Forest to accurately assess
trends.
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Reference Conditions

Desert shrublands have been largely influenced by climatic factors, varying soil properties, and,
to a lesser extent, fire (Paysen et al. 2000). Desert communities largely evolved without fire as an
ecological process; therefore, many species are not fire adapted. Prior to Euro-American
settlement, fires did occur, largely from lightning and Native Americans; however, most deserts
did not burn except during unusual circumstances. The ability for desert plant species to recover
from fire depends on genetic variation, resprouting ability, seed characteristics, and delayed
mortality (Paysen et al. 2000). Historically salt scrub communities lacked contiguous fuel
sources, greatly limiting fires (Paysen et al. 2000; Wahlberg et al. 2013).

Trees are generally absent from the Sonora-Mojave Mixed Salt Desert Scrub. Shrubs in these
ecosystems can act as important nurse plants, affect (positive or negative) the establishment of
certain species, and influence community dynamics. The mosaic of shrubs produces distinctive
microhabitats (under canopy and interspaces) that have significant influences on seed distribution,
germination, and survival of other species (McAuliffe 1988). Increased germination can occur
from windblown material accumulating under the canopy of shrubs. Lowered temperatures under
shrub canopies also greatly increase germination and survival of other plants.

Current Conditions

Historically, this vegetation type reached its dominance along the lower Gila and Salt Rivers in
south-central Arizona (Creutzburg 2012). Today, much of this vegetation has been converted to
agriculture. Exotic grasses that burn easily are becoming more common in the Sonoran Desert,
resulting in more fires in these plant communities (Brooks and Pyke 2001). Exotic species,
including filaree (Erodium cicutarium) and prickly lettuce (Latuca serriola), and native species,
such as Spaeralcea, contribute to fine fuels that are easily ignited in this vegetation type. While
historic conditions would have limited the risk of fires in these systems, today many have the
ability to support fires from the accumulation of exotics (annual grasses such as red brome) that
provide contiguous fine fuels (Bunting et al. 2002; Pellant and Reichert 1984). Risk is especially
high following wet years where annual exotics reach significant fuel loads (Sparks et al. 1990).

The late development open state B (graminoids and shrubs make up 10 to 25 percent in cover) is
slightly overrepresented, and the early development state A (fewer shrubs than the late
development state) is somewhat underrepresented on the Tonto National Forest (plan scale).
Exotic states C and D have the highest potential to carry fine fuels. Currently, about 1 percent of
exotics are present at the plan scale. The Lower Verde zone has moderate departure (highest),
while all other local zones and the plan scale have low departure. This is most influenced by an
increase in the percent of acres in the early development state (increase from 15 to 55.5 percent).
Also, this zone has the highest proportion of exotics (C, D).

The reduced representation of seral state B at the Lower Verde zone is attributed to past and
current ground disturbance. While fire data is unavailable for this ecological response unit, the
establishment of fine fuels from exotics are likely introducing uncharacteristic fire, further
influencing departure. Degraded site conditions are also likely influencing shifts in vegetation
composition and structure, evident by the low similarity to site potential. Soil conditions in these
communities are the second most departed (82 percent) among the desert ecological response
units (reference “Soils” section). Lowered site productivity has significant influences on
hydrological function, plant growth, and soil stability. Dominant long-lived species, such as
fourwing saltbrush (Atriplex canescens), are underrepresented for this ecological response unit.
Highly disturbed areas with highly compacted and degraded soils can significantly limit plant
growth, specifically among long-lived dominants, and shift species dominance to more
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disturbance-adapted species (Charley and Cowling 1968). Loss of shrubs greatly impacts other
species establishment and survival and impacts soil nutrient levels (that is, lowers site
productivity) as many shrubs concentrate organic debris below the canopy.

Future Trend

Future trends have not been modeled for this ecological response unit but vulnerability to climate
change is high with moderate uncertainty of effects (reference the “Climate Change” section).
Projections of increased aridity in the Southwest (Seager et al. 2007) are likely to have negative
impacts on certain species, such as shallow-rooted species (grasses and forbs) that are dependent
on precipitation-derived moisture. The loss of such species can have significant influences on site
productivity, soil health, structure, and ecological integrity. Also, when site conditions deteriorate,
opportunities for exotics to establish increase. Regionally, very few of these communities are
operating under historic fire regimes. With increasing fire frequencies and the long recovery
periods needed for many typical salt scrub species (for example, Atriplex), reduction in native
shrubs and increase in disturbed areas will become more common. While the opportunity for the
Tonto National Forest to influence the sustainability of this ecological response unit at the
landscape level is low, this ecological response unit is rare in the context scale and the Tonto can
contribute to ecosystem maintenance by minimizing activities that degrade soils and vegetative
ground cover (specifically at the Agua Fria zone). Also, given the proximity of this vegetation
type to urban areas, increasing pressures from urban development are likely to have negative
impacts to this ecological response unit at the broader landscape.
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Sonora-Mojave Mixed Salt Desert Scrub (SDS)

Overstory Structure and Composition
Seral State Proportion

Current and Projected Conditions on the Tonto NF!
Context | 1: Agua | 2: Lower | 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale? Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Early Development 15% NA 55.5 15 1.9 7 NA
B Late Development Open 85% NA 42.0 98.1 97.6 92 NA
C,D | Exotics 0% NA 25 0.5 0.5 1 NA
Departure*: NA 43 (M) 14 (L) 13 (L) 7 (L) NA

1. Dashed lines indicate the ecological response unit is not sufficiently distributed at scale for analysis.
2. NA = Data unavailable
3. Too few acres (0.76 percent of plan area) to model ecological response unit.

4. Departure: L = low (0 to 33 percent); M = moderate (34 to 66 percent); and H = high (67 to 100 percent). See “Seral State Proportion” section (page 24) for explanation of departure
calculation.

Average Patch Size: Not assessed for this ecological response unit.
Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Graminoids: Three-awn grasses (Aristida spp.) have increased at some locations.

Shrubs and trees: Typical shrubs such as fourwing saltbrush (Atriplex canescens) have decreased in abundance, while blue palo verde (Parkinsonia
florida) has increased at other areas.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (28%) Low (17%) Moderate (38%) Low (12%) Low (15)
Species present/potential species 14/20 717 24/30 2/2

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 4.7 percent

Current = 3.4 percent
Departure = Moderate (44)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components
Coarse woody debris and snags analysis does not apply to this ecological response unit.

Ecosystem Drivers and Stressors
Fire: Historical and current fire is thought to be minimal to absent for this ecological response unit.

Insect and disease: Analysis does not apply to this ecological response unit.
Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

o High: buffelgrass (Pennisetum ciliare), fountain grass (Pennisetum setaceum), red brome (Bromus rubens).
o Moderate: Asian mustard (Brassica tournefortii), Malta starthistle (Centaurea melitensis)
e Low: jointed goatgrass (Aegilops cylindrical)

Seventy-two acres of noxious weeds have been mapped in this ecological response unit.
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Figure 7. Sonora-Mojave Mixed Salt Desert Scrub ecological response unit
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Mojave-Sonoran Desert Scrub (MSDS)

Given the large extent of Mojave-Sonoran Desert Scrub and range of features (topography, soil attributes,
and precipitation) on the landscape, there are three provisional subclasses: Sonora-Mojave Creosote-
Bursage Desert Scrub, Sonoran Paloverde-Mixed Cactus Scrub, and Sonoran Mid-Elevation Desert
Scrub. The Sonora-Mojave Creosote-Bursage ecological response unit is treated together with the
Sonoran Paloverde-Mixed Cactus Scrub ecological response unit (MSDS-SP) because there are slight
differences between these two systems and future models will combine these two provisional classes. The
Sonoran Mid-Elevation Desert Scrub provisional subclass (MSDS-SOS) was not modeled because the
appropriate model is not yet available (currently being developed).

A general vegetation description is given for Mojave-Sonoran Desert Scrub followed by reference
conditions applicable to both provisional subclasses. Further vegetation description and conditions,
current and future, are provided for both provisional subclasses Sonoran Paloverde-Mixed Cactus Scrub
and Sonoran Mid-Elevation Desert Scrub.

-l 1 A
Photo 2. Mojave-Sonoran Desert Scrub

Found primarily below 4,000 feet in elevation, the Mojave-Sonoran Desert Scrub ecological response unit
is most common on the Tonto and Coronado National Forests. Areas in this vegetation type vary from
barren rocky substrates (less than 1 percent plant cover) to lands with deep, well-developed soils
supporting dense succulents, desert grasses, perennial shrubs, and some herbaceous ephemerals that
emerge during infrequent wet periods, then quickly mature, flower, and produce seed as drought
conditions return. Where winters are mild, a sparse emergent tree layer of saguaro cactus (Carnegia
gigantea), palo verde (Parkinsonia microphylla), and ironwood (Olneya tesota) can be found among
alluvial fans with dominant creosote (Larrea tridentata) and bursage (Ambrosia sp.) shrubs. At higher
elevations and on steep mountain slopes, creosote is replaced by up to 50 percent cover of small trees and
shrubs such as fairyduster (Callicandra eriophylla), brittlebush (Encelia farinosa) and jojoba
(Simmondsia chinensis) (Wahlberg et al. 2013). Ephemeral watercourses support dense vegetation such as
wolfberry (Lycium sp.) and catclaw (Acacia greggii). Covering 808,098 acres, this ecological response
unit makes up a significant proportion (27 percent) of the Tonto (figure 8), covering more area than any
other ecological response unit. Additionally, the acreage on the Tonto represents a large proportion of the
Mojave-Sonoran Desert Scrub acreage at the context scale (38 percent).
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Figure 8. Mojave-Sonoran Desert Scrub ecological response unit
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Reference Conditions

Desert shrublands have been largely influenced by climatic factors, varying soil properties, and, to a
lesser, extent fire (Paysen et al. 2000). Desert communities largely evolved without fire as an ecological
process, therefore many species are not fire adapted (for example, succulents). Prior to Euro-American
settlement fires did occur, largely from lightning and Native Americans, however most deserts did not
burn except during unusual circumstances (Paysen et al. 2000). The ability for desert plant species to
recover from fire depends on genetic variation, resprouting ability, seed characteristics, and delayed
mortality (Paysen et al. 2000). The herbaceous layer in these communities can reach high densities during
wet years, producing high fuel loads capable of supporting major fires. The bimodal rainfall (winter and
summer) in the Sonoran Desert allows for a greater structural diversity in vegetation than neighboring
deserts such as the Great Basin, Mohave, and Chihuahuan Deserts (Brown 1994).

Drought is the primary natural disturbance process associated with deserts. Desert plants employ many
unique strategies, such as effective water storage to cope with temporary and extended periods of drought,
many persisting for months to years with very little to no rain. Many succulent plant species have
extensive lateral roots that enable them to capitalize on very little soil moisture following brief
precipitation events. Drought dormancy (for example, dropping leaves), allows plants to avoid desiccation
during unfavorable conditions. While many succulents respond to brief precipitation events, desert shrubs
and trees generally require greater amounts of precipitation to reach deeper soil levels where the root zone
is located. Some desert trees, such as mesquite (Prosopis), obtain a significant proportion of water from
groundwater sources (phreatophytes). Desert annuals are more common in arid environments and make
up a significant proportion of the Sonoran Desert. The quick germination and flowering strategies for
these plants allow them to complete their life cycles quickly during favorable conditions and lie dormant
during unfavorable conditions. Strong associations exist between many cactus and perennial species.
Several species benefit by establishing under canopies where herbivory is reduced, resulting in increased
survival rates (McAuliffe 1988). Desert trees also have strong influences on community structure and
species establishment; for example, the establishment of the iconic Saguaro cactus is strongly tied to
frugivorous birds that disperse seeds beneath the canopy of desert trees (Hutto et al. 1986).

Sonoran Palo Verde-Mixed Cactus Desert Scrub (MSDS-SP) and Sonora-
Mojave-Bursage Desert Scrub (MSDS-SOS)
Elevation: 1,300 - 5,800 feet

Table 17. Sonoran Palo Verde-Mixed Cactus Desert Scrub (MSDS-SP) and Sonora-Mojave-Bursage Desert
Scrub (MSDS-SOS) distribution (acres and percent) at the context, plan, and local scales

2 Lower 3 Tonto
Context Tonto NF 1 Agua Fria Verde Basin 4 Upper Salt | 5 Lower Salt
2,001,286 656,632 25,525 213,571 39,195 94,064 284,279
16.0% 24.0% 15.0% 27.7% 6.3% 12.3% 65.3%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity to
influence the context landscape. The Tonto National Forest contribution to the context is the percent of
the ecological response unit at the landscape level that intersects the plan area (forest). Proportional
representation can range from negative one (low; more common at the context scale) to positive one
(high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial Niche” section for
complete analysis.
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Table 18. Terrestrial ecosystem niche, Sonoran Palo Verde-Mixed Cactus Desert Scrub and Sonora-Mojave-
Bursage Desert Scrub

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
96.4% 0.62 High

This community type has a diverse assemblage of vegetation including the iconic Saguaro cactus
(Carnegiea gigantea), paloverde (Parkinsonia microphylla), ironwood (Olneya tesota), and tall shrubs
such as catclaw (Acacia greggii), wolfberry (Lycium sp.), jojoba (Simmondsia chinensis), teddy-bear
cactus (Cylindropuntia bigelovii) (Creutzburg 2012). Brittlebush (Encelia farinosa) is generally more
common than creosote (Larrea tridentata) on warm slopes. Most of the vegetation occurs at mid to high
elevations, on slopes greater than 20 percent and at areas with less than 10 inches of precipitation
(Creutzburg 2012). Vegetation types at bajadas/foothills include tall paloverde (Parkinsonia microphylla)
and ironwood trees, creosotebush, triangle-leaf bursage (Ambrosia deltoidea) and succulents including the
Sauguaro cactus. These communities at bajadas are found at alluvial fans and pediments of less than 20
percent slope eclipsed by frost at higher elevations (Creutzburg 2012). At lower elevations, bursage
(Ambrosia dumosa), big galleta grass (Pleuraphis rigida) and creosote bush (Larrea tridentate) is
commonly found among sandy flats and dunes. This community type is the most abundant on the Tonto
National Forest (24 percent) and is more or less just as common at the context scale. On the Tonto most
acres are in the Lower Salt zone (65 percent).

Current Conditions

The largest change to this community type in the Southwest has been conversion to grassland, a direct
result of land management during the 19" century to increase forage for livestock and wildlife. Historical
overgrazing and burning has resulted in higher shrub components than would be expected under reference
conditions. Exotic grasses that burn easily are becoming more common in the Sonoran Desert, resulting in
more fires in these plant communities (Brooks and Pyke 2001). Animal burrowing and plant root
architecture play key roles in regulating soil-plant health, growth, and community establishment among
Larrea-Ambrosia communities. Ground disturbance can lead to soil compaction and loss (as little as 5-10
cm at soil surface), hinder the recovery of plants, potentially eliminate long-lived dominates such as
creosote and shift dominance to short-lived disturbance adapted species (including natives and exotics).
At some sites depending on the level of disturbance, effects to these plant communities can last up to 40
years (Prose et al. 1987). Past land management along with exotic grass invasion has supplied many areas
with a contiguous fuel source producing larger more frequent fires. The cacti and succulent component is
most negatively affected following fires, generally shifting dominance to the grass component. For
example, the Cave Creek Complex Fire in 2005, fueled by red brome, killed a significant proportion
(estimated 20 percent) of the cacti and succulent vegetation of the Sonoran Desert scrub in Arizona (Tonto
National Forest Invasives EA 2012).

Current conditions are similar between the Tonto National Forest and context scale, with more acres in the
later seral stages (open, cacti tree, and shrub cover up to 25 percent) and fewer acres in the mid-seral
stages (10 to 30 percent shrub and tree cover). While overall departure is low at both the plan and context
scales, departure is highest at the Lower Salt and Agua Fria zones. Both the Agua Fria and Tonto Basin
have the highest proportion of exotic seral states at 0.9 and 0.7 percent, respectively. Also, a significant
proportion of this ecological response unit is classified in fire regime condition class 111 (55 percent),
indicating high departure in fire regime. Fire behavior is largely affected by fire severity, fire frequency,
species composition, structure, and presence of exotics. Invasive species encroachment along with altered
vegetation structure (for example, increased shrub densities) are influencing uncharacteristic fire in these
ecosystems.
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Soil condition for these communities are the most departed compared to all other ecological response
units on the Tonto (reference soils section). Impaired soils have a direct effect on site productivity, which
is captured in the low similarity to site potential. Grass species composition and abundance is the most
dissimilar to site potential. Many grasses play important roles in maintaining ecological integrity. For
example, native bunch forming grasses stabilize blowing sand and reduce erosion. Exotics were only
detected in the Agua Fria zone. Similarity to site potential also shows a reduction of tree species. Tree
species composition and abundance is important for this ecological response unit, as many serve as nurse
plants (such as Ironwood, mesquite, and palo verde) that have strong influences on the establishment and
survivorship of other species (Suzan et al. 1996). Fungi and soil crusts play key roles in ecological
functioning and significantly reduce erosion potential from wind and water. Repeated disturbance can
significantly reduce or eliminate biological crusts that can negatively affect seedling germination, plant
growth, and nutrient availability, especially among sparse community types in arid environments (Belnap
et al. 2001). The loss of biological crusts may have also contributed to the lowered site productivity and
impaired soils.

Future Trend

It is common to have naturally high fuel loads in desert shrublands, with some areas reaching levels as
high as 2,000 pounds per acre (Paysen et al. 2000). Historically, when fires did occur, negative impacts
were minimal because naturally occurring fuel loads were discontinuous patches that limited the spread of
fires. Projections (state-and-transition modeling) show a reduction in all states but most pronounced in the
late development (cacti, shrub, and tree) component and an increase in exotic states. Projections are likely
over-estimating the influence of exotics as invasion potential is not equally distributed in this system. The
current model is more closely tied to the invasion potential at mountainous areas at warm slopes (Sonora
Paloverde-Mixed Cactus Desert Scrub — Mountains provisional subclass) where buffelgrass invasion is
more likely than it is at the lower bajadas. Buffelgrass is more of a threat than red brome to montane
paloverde cacti communities along southern exposures. Red brome has a much higher invasion potential
at lowland bajadas than at mountainous areas. Currently the Mojave-Sonoran Desert Scrub model is being
refined to better capture these differences.

As shrub and exotics increase in these systems, discontinuous fuel loads shift to contiguous ones and
result in higher wildfire risk. Following wet years, dense herbaceous layers can quickly fill the interspaces
and bare ground, creating more fuel and increasing wildfire risk. Over time, increased fire frequency and
severity can shift dominance from succulents and cacti to species with superior post-fire regeneration.
Annual red brome (Bromus rubens) and perennial buffelgrass (Pennisetum ciliare) can rapidly expand
following wet years (D’ Antonio and Vitousek 1992); however, fires in red brome are relatively mild
compared to those in buffelgrass (Creutzburg 2012). Regionally, buffelgrass is more common at lower
elevation Sonoran deserts (primarily restricted by frost); however, new cultivars may extend the range of
this grass increasing risk at higher elevations (Tonto National Forest Invasives EA 2012).

Recovery from fire is slow among desert shrublands and depends on factors such as topography, species
composition, and amount of precipitation following fire. Changing precipitation regimes in the Southwest
(Seager et al. 2012), along with higher fuel loads, are likely to have negative impacts to the ecological
integrity of these systems. While typical flora of these communities are species well adapted to very low
soil moisture levels (e.g., creosote), projections of increased aridity in the Southwest (Seager et al. 2007)
are likely to have negative impacts on certain species, such as shallow-rooted species, those that
dependent on precipitation-derived moisture. This could result in a lowered abundance of certain native
grass and forb species. Regionally, fragmentation from development and recreation pose the highest risks
to these community types. Areas of high recreational impact (such as off-highway vehicle use) will
require future monitoring to insure disturbances are minimized to reduce soil erosion and loss, spread of
invasive species and loss of native vegetation — specifically at areas with bare ground and ongoing ground
disturbance activities.
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Sonoran Palo Verde-Mixed Cactus Desert Scrub (MSDS-SP) and Sonora-Mojave-Bursage Desert
Scrub (MSDS-SOS)

Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF

State Description Reference | Context | 1: Agua | 2: Lower | 3: Tonto 4: Upper | 5:Lower | Plan Scale | Projection?
Scale Fria Verde Basin Salt Salt (100 years)
A Sparsely vegetated, 5 11 0.6 1.0 0.1 0.3 1.8 1.1 4.4

recently burned, herb
dominated, tree and shrub
cover < 10%

D, G Mid-Seral / 10 — 30% 20 14.8 30.8 17.1 23.1 19.7 8.1 14.6 7.1
Shrub & Tree Cover

B, C High Seral (open) 75 83.9 67.8 81.4 76.2 79.5 89.6 83.8 17.7

E, F, Exotics 0 0.2 0.9 0.5 0.7 0.5 0.4 0.5 70.8

H, I,

Departurez | 9(L) | 12 (L) 7 (L) 5 (L) 5 (L) 15 (L) o INEEN

1. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section (page 24) for more information.
2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 4,212 to 8,125 acres. Current patch size = 4,469 acres. Departure is within the
natural range of variation.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Overall, native buckwheat (Eriogonum spp.) has increased in abundance.

Graminoids: Three-awn grasses (Aristida spp.) have increased in abundance at some locations, while muhly grasses such as Muhlenbergia
polycaulis have decreased in abundance at other locations.

Shrubs and trees: Foothill palo verde (Parkinsonia microphylla) has decreased in abundance, while blue palo verde (Parkinsonia florida) has
increased in abundance. Brittlebush (Encelia farinosa), and prickly pear cactus have increased in abundance while triangle bursage (Ambrosia
deltoidea) has decrease in abundance.
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Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (26%) Moderate (39%) | Moderate (66%) | Moderate (61%) Low (32)
Species present/potential Species 61/101 23/34 60/84 6/7

1. Forbs include all herbaceous flowering plants.
2 Graminoids include all grasses, sedges, and rushes.

Vegetative Groundcover (plan scale)
Reference = 11.3 percent

Current = 7.6 percent

Departure = Low (11)

Plant basal area and litter estimates are combined, resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components
Coarse woody debris and snags analysis does not apply to this ecological response unit.

Ecosystem Drivers and Stressors
Fire: Return interval and severity values are taken from Mojave Sonoran Desert Scrub (including all subclasses) analysis.

Fire reference conditions: While the historic role of fire is thought to be minimal to absent in desert ecosystems, some areas may have experienced
mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 35 to
100+ years (fire regime I11).

Fire current conditions: Fire return interval = 250 years
Fire severity: Non-lethal = 75 percent. Mixed-severity = 20 percent. Stand-replacing = 5 percent
Fire regime condition class: Class | = 44 percent. Class Il = 0 percent. Class 11l = 56 percent

Insects and disease: Analysis does not apply to this ecological response unit.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

o High: buffelgrass (Pennisetum ciliare), fountain grass (Pennisetum setaceum), red brome (Bromus rubens).

o Moderate: Asian mustard (Brassica tournefortii), Malta starthistle (Centaurea melitensis)

e Low: jointed goatgrass (Aegilops cylindrical)

Five hundred and eighty-five acres of noxious weeds have been mapped in this ecological response unit.
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Figure 9. Sonoran Palo Verde-Mixed Cactus Desert Scrub and Sonora-Mojave Creosote Bursage Desert Scrub ecological response units
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Sonoran Mid-Elevation Desert Scrub (MSDS SOS)

Elevation: 1,700 — 5,100 feet

Table 19. Distribution (acres and percent) at the context, plan, and local scales for Sonoran Mid-
Elevation Desert Scrub

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
114,344 113,557 1,054 56,256 24,972 26,403 4,873
1% 4% 0.6% 7.3% 4.0% 3.5% 1.1%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The national forest contribution to the context is the percent of
the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 20. Terrestrial ecosystem niche, Sonoran Mid-Elevation Desert Scrub

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
99.3% 0.63 High

This ecological response unit is at higher elevations than frost-sensitive paloverde-mixed cacti
scrub ecological response unit and generally below dense chaparral vegetation (Creutzburg 2012).
Typical vegetation includes buckwheat (Eriogonum fasiculatum), jojoba (Simmondsia chinensis)
and creosote (Larrea tridentata). In central Arizona, crucifixion thorn (Canotia holacantha) is a
hallmark species (Creutzburg 2012). Most of this ecological response unit subclass occurs at mid
to high elevations. While the Sonoran Mid-Elevation Desert Scrub ecological response unit only
makes up 4 percent of the Tonto National Forest, almost all of the context acres are located on the
Tonto (99.3 percent). On the Tonto, most acres are spread across the Lower Verde, Tonto Basin,
and Upper Salt zones.

Current Conditions

The establishment exotic annuals (red brome, Mediterranean grass, and others) have introduced
uncharacteristic fires in these communities (Creutzburg 2012). Currently departure is moderate at
both the plan and context scale. On the Tonto, departure is significantly higher at the Lower Salt
zone. The trend in departure among seral state proportions are similar at all scales: the mid
development state (B) is highly overrepresented while the early (A) and the late development
states (C) are poorly represented. The exception to this is overrepresentation of the early sparsely
vegetated state at the Agua Fria zone. All local zones have exotic states. Past livestock grazing
may have influenced the lowered late development of shrubs and trees at some sites. Jojoba does
have high forage value to livestock and wildlife. While jojoba is fairly resistant to moderate
browsing, heavy browsing was documented to reduce shrub cover in southern Arizona (Roundy
and Dobrenz 1989).
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Exotics are also likely influencing wildfire and current departure. While many desert plants are
not fire-adapted, jojoba sprouts from the root crown following fires; however, seeds may not
survive severe fires, and establishment is greatly influenced by the availability of nurse plants
(Matthews 1994). Fire can convert this vegetation type to shrub habitat dominated by turpentine
bush, Ericameria laricifolia (Creutzburg 2012), and similarity to site potential does show a
general overrepresentation of turpentine bush.

Future Trend

Future trends have not been modeled for this ecological response unit, however the Tonto
National Forest has a unigque influence on the sustainability of this ecological response unit at the
broader landscape as 99.3 percent of the context acres are located on the Tonto. This ecological
response unit is present in all local zones. Most acres are in the Lower Verde zone; however,
departure is highest at the Lower Salt zone. The presence of exotics in all zones pose significant
threats to native species. Exotic annuals, including red brome and Sahara mustard, contribute to
fine fuels that destroy native vegetation and convert areas to uncharacteristic shrub communities
(which appears to have already occurred at sites). Many desert communities have important soil
crusts that regulate soil biota, plant health, and growth, and studies have shown fewer exotic
annuals establish when these crusts are intact (Kaltenecher et al. 1999). A fair amount of soils in
these communities are impaired to unsatisfactory (collectively at 47 percent). This may
exacerbate exotic establishment and spread and wildfire risk. The loss of late-development shrub
and tree species can have negative impacts to other native species establishment and persistence
given the high association between desert plants in these communities (that is, nurse plants).
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Sonoran Mid-Elevation Desert Scrub (MSDS SOS)
Overstory Structure and Composition

Seral State Proportion

1. Currently models are unavailable for Sonoran Mid-Elevation Desert Scrub.

2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Current and Projected Conditions on the Tonto NF
Context 1: Agua 2: Lower | 3:Tonto | 4:Upper | 5:Lower Plan Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Scale (100 years)
A Sparsely vegetated, recently 5 3.9 16.4 5.7 2.6 1.9 0.0 4.0 N/A
burned, herb dominated,
tree and shrub cover < 10%
B Mid development, shrub 20 72.9 54.0 76.6 59.4 76.6 91.5 73.2 N/A
dominated (< 2 meters
height), cover greater than
10%
C Late development, shrub (> 75 23.0 28.7 17.2 37.6 21.0 8.1 22.3 N/A
2 meters height) and tree
cover greater than 10%
D, E | Exotics 0 0.5 1.0 0.6 0.5 0.5 0.4 0.2 N/A
Departure? | 54 (M) | 46 (M) 58 (M) 40 (M) s7v) [ 53 (M) N/A

Average Patch Size (acres at plan scale): Reference patch size = 4,212 to 8,125 acres. Current patch size = 4,469 acres. Departure is within
the natural range of variation.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale

Forbs: Overall, native buckwheat (Eriogonum spp.) and broom snakeweed (Gutierrezia sarothrae) have increased in abundance.

Shrubs and trees: Turpentine bush (Ericameria laricifolia), fairy duster (Calliandra spp.) and velvet mesquite have all increased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (18%) Moderate (45%) | Moderate (39%) Low (32%) Low (14)
Species present/potential Species 18/62 10/21 34/45 5/6

1. Forbs include all herbaceous flowering plants.
2 Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 10.3 percent

Current = 12.8 percent

Departure = Low (1)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components
Coarse woody debris and snags analysis does not apply to this ecological response unit.

Ecosystem Drivers and Stressors

Fire: Return interval and severity values taken from Mojave Sonoran Desert Scrub (including all subclasses) analysis. Fire regime condition class
values are taken from the Sonoran Paloverde-Mixed Cactus Desert Scrub analysis

Fire reference conditions: While the historic role of fire is thought to be minimal to absent in desert ecosystems, some areas may have experienced
mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 35-
100+ years (fire regime I11).

Fire current conditions: Fire return interval = 250 years
Fire severity: Non-lethal = 75 percent. Mixed-severity = 20 percent. Stand-replacing = 5 percent

Fire regime condition class: Class | = 44 percent. Class Il = 0 percent. Class 11l = 56 percent

Insects and disease: Analysis does not apply to this ecological response unit.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

o High: buffelgrass (Pennisetum ciliare), fountain grass (Pennisetum setaceum), red brome (Bromus rubens).
e Moderate: Asian mustard (Brassica tournefortii), Malta starthistle (Centaurea melitensis)

e Low: jointed goatgrass (Aegilops cylindrical)

Seventy-two acres of noxious weeds have been mapped in this ecological response unit.
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Figure 10. Sonoran Mid-Elevation Desert Scrub ecological response unit
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Interior Chaparral (IC)
Elevation: 2,300 — 7,800 feet

Table 21. Distribution (acres and percent) at the context, plan, and local scales for Interior Chaparral

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
1,300,963 290,771 29,135 50,473 45,699 93,036 72,427
11% 11% 17.2% 6.5% 7.4% 12.2% 16.6%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 22. Terrestrial ecosystem niche, Interior Chaparral

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

22.4%

-0.01

Low

Photo 3. Interior Chaparral

Transitioning from low-elevation deserts, Interior Chaparral consists of woody evergreen shrubs
at low slopes and mountain foothills. Typical shrub species include Manzanita (Arctostaphylos
spp.), crucifixion thorn (Canotia holacantha), desert ceanothus (Ceanothus greggii), mountain
mahogany (Cercocarpus montanus), little-leaved mountain mahogany (Cercocarpus intricatus),
Antelope bushes (Purshia spp.), silktassles (Garrya spp.), Stansbury cliffrose (Purshia
stansburiana), shrub live oak (Quercus turbinella), and sumacs (Rhus spp.) (Wahlberg et al.
2013). Sparse tree cover is typical of this ecological response unit; therefore, some pinyon,
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juniper, or ponderosa pine associations with sparse tree cover are grouped with this ecological
response unit. The Interior Chaparral ecological response unit makes up 11 percent of the Tonto
National Forest and is equally represented at the national forest and the broader landscape. On the
Tonto, the acres are more or less equally distributed across local zones.

Reference Conditions

Shrubs in these communities are not as easily ignited as grasses; however, if conditions are
favorable, they can burn readily (Paysen et al. 2000). The historic fire regime for interior
chaparral consisted of high-severity fires with fire return intervals of 50 to 100 years,
occasionally covering large expanses (Cable 1975; Pase and Brown 1982). Species composition
and site factors can have strong influences on fire behavior. Fine and heavy fuel loads are largely
determined by the size class of many chaparral species, such as manzanita. With the exception of
dense stands of chamise, the sparse canopy of many woody chaparral species on their own lack
sufficient fuels to spread fires. Dry windy conditions are generally required to maintain and carry
crown fires. Among fully developed stands, ladder fuels are practically non-existent as there is
generally little to no herbaceous understory (Paysen et al. 2000). However, at sites where an
understory is present fires are greatly enhanced, depending on fuel moisture content.

It is suggested that dead fuel production in chaparral generally increases among older stands, but
age is not the only factor (Paysen and Cohen 1990). The rapid response to fire is largely attributed
to local site conditions, species post-fire regeneration (sprouting) and the germination of seed
reserves in the area. These factors result in a mosaic of age classes across the landscape (Huebner
and Vankat 2003). While chaparral structure is relatively stable, species composition appears to
be more dynamic; entire shifts in species dominance can occur following disturbance events
(Schussman 2006)

Current Conditions

Interior Chaparral has been less affected by human disturbance (including fire) and management
than other woodland and forest types. This is largely attributed to the relatively broad fire return
interval chaparral is adapted to, the fast recovery in these systems, and resistance to grazing
pressures (density of shrubs and steep slopes). Also past fire suppression has been generally offset
by increased human-caused ignitions (Paysen et al. 2000). Most significant changes have been an
overall increase in shrub densities (Huebner et al. 1999) and reduction of herbs. Huebner at al.
(1999) documented little change form historic conditions among chaparral in central Arizona.

Similar to trends regionally in Arizona, interior chaparral is lowly departed from reference
conditions at the plan and context scale. However, departure is slightly higher at the plan scale
with moderate departure among the Lower Salt, Tonto Basin, and Agua Fria zones and low
departure among the Lower Verde and Upper Salt zones. The largest change is the increase in mid
development states (B) where vegetation structure is open, with 10 to 30 percent cover and a
slight reduction in the mature closed state (C, D). The reduction of mature closed states is most
influenced by the suppression of fires that would have historically reached larger extents. Instead
smaller fires have produced openings, creating much smaller average patch sizes (359 acres)
compared to reference conditions (930 to 2,120 acres).
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Past attempts to convert chaparral to grassland occurred regionally in Arizona and on the Tonto
National Forest but largely failed. Management focused on maintaining shrubs in sprout stage,
altering composition, and reseeding (Cable 1975). Goats were also used in attempts to reduce
undesired woody vegetation; however, these activities were noted to negatively impact highly
important and palatable forage (mountain mahogany and Wright’s silktassel) for wildlife (Knipe
1983). The loss of these important forage species lowers forage diversity, induces nutritional
stress to livestock and wildlife, and impacts nutrient cycling within chaparral (Severson and
DeBano 1991). Forb species composition is the most dissimilar to reference conditions and
overall similarity to site potential is low. While there have been overall increases in desert
ceanothus, Wright’s silktassel (Garrya wrightii) is poorly represented in this community type
(similarity to site potential). The risk of invasive species within Interior chaparral are low and
potential risks come from fires spreading into chaparral from neighboring vegetation types with
increased fire loads (Tonto National Forest Invasives EA 2012).

Future Trend

Projections (Vegetation Dynamics Development Tool modeling) show conditions trending
towards reference conditions where 98 percent is in the mature closed state (C, D), 2 percent in
the mid development open state (B) and 1 percent in the grass, forb and shrub state (A). This is
not surprising given the fast recovery time and resilience in these communities. Also the change
in management to more holistic approaches (wildlife habitat, maintaining slope stability and
watersheds, sustainable rangeland practices) are allowing these communities to naturally trend
towards reference conditions over time. Interior chaparral is about equally common in and outside
(context) the Tonto but only 22.4 percent of the context acres are in the Tonto National Forest.
For these reasons, along with the overall low current and projected departure, the opportunity for
the Tonto to influence the sustainability of this ecological response unit at the broader landscape
is low.
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Interior Chaparral (IC)

Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 2 6 24 18 14 2 7 10 1
B Mid development 10- 5 12 23 20 34 15 42 26 2
30% shrub cover
(open)
C,D Mature (closed) 93 83 53 62 52 82 51 63 98
Departure?: 10 (L) 40 (M) 31 (L) 41 (M) 11 (L) 42 (M) 30 (L) 5 (L)

1. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale), see “Seral State Proportion” section for more information.
2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure

calculation.

Average Patch Size (acres at plan scale): Reference patch size = 930 to 2,120 acres. Current patch size = 359 acres. Departure = Moderate,

smaller.

Understory Structure and Composition

Percent similarity to site potential by lifeform at plan scale
Forbs: Native buckwheat (Eriogonum spp.) has decreased in abundance, while shrubby deervetch (Lotus rigidus) has increased in abundance.

Graminoids: Blue grama and hairy grama grasses (Bouteloua gracilis and Bouteloua curtipendula) have increased in abundance.
Shrubs and trees: Overall, pointleaf manzanita (Arcostaphylos pungens), alligator juniper (Juniperus deppeana), Emory oak (Quercus emoryi) and

desert ceanothus have increased in abundance, while Wright’s silktassel (Garrya wrightii) has decreased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (6%) Low (30%) Moderate (47%) Low (30%) Low (22)
Species present/potential species 4/29 10/23 26/44 8/8

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 54 percent

Current = 42 percent

Departure = Low (30)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components
Coarse woody debris and snags analysis does not apply to this ecological response unit.

Ecosystem Drivers and Stressors

Fire reference conditions: This ecological response unit typically had high-severity, stand-replacing fires where greater than 75 percent of the
dominant overstory vegetation is replaced with fire frequencies or return intervals of 35-100+ years (fire regime IV). However some areas
experienced high-severity, stand-replacing, fires where more than 75 percent of the dominant overstory vegetation is replaced with fire frequencies
or return intervals of 0-35 years (fire regime 1I).

Fire current conditions: Fire return interval = 128 years
Fire severity: Non-lethal = 75 percent. Mixed-severity = 20 percent. Stand-replacing = 5 percent
Fire regime condition class: Class | = 22 percent. Class Il = 78 percent. Class 111 = 0 percent

Insects and disease: Analysis does not apply to this ecological response unit.
Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystem

o High: yellow starthistle (Centaurea solstitialis), fountain grass (Pennisetum setaceum), sweet resinbush (Euryops subcarnosus)
e Moderate: diffuse knapweed (Centaurea diffusa)
e Low: jointed goatgrass (Aegilops cylindrical)

Fifty-one acres of noxious weeds have been mapped in this ecological response unit.
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Figure 11. Interior Chaparral ecological response unit
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Semi-Desert Grassland (SDG)

Elevation: 1,800 — 6,800 feet

Table 23. Distribution (acres and percent) at the context, plan, and local scales for Semi-Desert

Grassland
1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
1,718,290 340,983 42,283 56,117 42,337 148,129 52,118
14% 12% 24.9% 7.3% 6.8% 19.4% 12.0%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 24. Terrestrial ecosystem niche, Semi-Desert Grassland

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

19.8%

-0.07

Low

Photo 4. Semi-Desert Grassland

The Semi-Desert Grassland ecological response unit is found at elevations ranging from 3,000 to
4,500 feet bordering chaparral at high elevations and Chihuahuan desert at low elevations. Black
grama (Bouteloua eriopoda) and tobosa grass (Hilaria mutica) are key diagnostic plants typically
found at gravelly upland sites and in heavy soils at lowland sites, respectively (Brown and
Makings 2014). Common grassland associations by dominant species include blue grama
(Bouteloua gracilis) grassland, curly mesquite (Hilaria belangeri) grassland, and giant sacaton
(Sporobolus wrightii) grassland (Wahlberg et al. 2013). Other grassland associations include
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mixed native perennial grassland and nonnative perennial grassland. Historically, tree abundance
was less than 10 percent, while some areas may have had over 10 percent shrub cover. Soils and
topography have strong influences on species composition and dominance in these systems.
Desert scrub species can be common in this ecological response unit, making it difficult to
distinguish desert communities from desert grasslands in some areas (Wahlberg et al. 2013). Short
leguminous trees, such as mesquite and acacia, are commonly associated with desert grasslands.
Many other locally important species contribute to the diverse assemblage of scrub and shrub
components of semi-desert grasslands. Chollas and other cacti are also commonly associated with
semi-desert grasslands. The Semi-Desert Grassland ecological response unit makes up 12 percent
of the Tonto National Forest with more acres in the Upper Salt zone and the rest more or less
equally distributed across the other local zones.

Reference Conditions

The Semi-Desert Grassland reached its greatest development among valleys, open hills, slopes,
and ridges where winds carried lightning-caused fires (Brown and Makings 2014). The various
unique grassland associations are the result of differences in climate, soil, topography, and parent
materials across landscapes. Semi-desert grasslands are reliant on stand replacing fire return
intervals of 0-35 years to maintain open productive grasslands. Historically, pre-monsoon
lightning activity provided the ignition source that would burn vegetation until fuels were
depleted or suppressed from rain (Wahlberg et al. 2013). Fire has been noted as one of the most
important factors in maintaining open productive grasslands and limiting shrub encroachment.
Many of the shrubs found in semi-desert grasslands are easily killed by fire and take up to 10
years to produce viable seeds, further supporting the important role of fire in these ecosystems.
For example, young mesquite seedlings and saplings (less than 2 inches) have a higher mortality
rate from fires than established individuals (Reynolds and Bohning 1956). Most perennial grasses
can recover in as little as 1 to 2 growing seasons after a fire. The response of grasslands to fire are
also tied to the amount of precipitation before and after fires (Finch 2004). The role of fire among
black-grama-dominated grasslands is not well understood. In general, these grassland
communities respond negatively to fire, and it is suggested they evolved with a much less
frequent fire regime (Schussman and Smith 2006).

The highly productive nature of grasslands is largely attributed to the hydrological, biological,
and geochemical cycling at sites (Finch 2004). Also, numerous mammals, birds, and reptiles
contribute to the high biodiversity productivity of semi-desert grasslands. In particular, prairie
dogs and their colonies have strong relationships with grassland communities; they affect soils,
vegetation structure, species composition, biological diversity, and plant nutrient levels.

Current Conditions

The most pronounced changes to Semi-Desert Grasslands has been an overall shift from
predominately open perennial grasslands to mixed grasslands (shrub, tree, and perennial grass)
and converted shrublands at areas. Fire suppression (and exclusion), urban expansions, land
development and historic grazing have contributed to shrub/tree encroachment, reduced
productivity and lowered species diversity among Semi-Desert Grasslands.
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Lower-elevation sites are generally more departed from reference conditions. However, some
areas at valley bottoms with well-developed deep soils have not experienced shrub or tree
encroachment from the absence of fire and or a history of livestock grazing (Schussman and
Smith 2006). Historically, bunch grasses dominated many semi-desert grasslands forming clumps
with bare ground interspaces. Today, some areas have experienced a shift from bunch grasses to
sod grasses, such as curly mesquite, from a history of heavy livestock grazing. Where winter
precipitation and disturbance is high, smaller native shrubs such as turpentine bush (Ericameria
laricifolia) can invade and locally reach dominance. At disturbed sites with less summer rainfall,
bunch grasses have been replaced by annual grasses and shrubs (Brown and Makings 2014). In
west-central Arizona, perennial, warm-season grasses have been largely replaced by introduced
annuals such as red brome.

Arroyo formation among valley bottoms during the late 19" and early 20" century have altered
many semi-desert grasslands in the Southwest. This has resulted in a loss of fertile soils,
increased sedimentation, altered hydrological function, and overall change from lush grasslands
to xeric communities (Cooke and Reeves 1976). The exact causes of arroyo formation are
difficult to assess but include factors such as climate change, land use, vegetation change, and
livestock grazing (Schussman and Smith 2006). Roads, ditches, canals and the building of
embankments were also factors that influenced arroyo formation.

Population expansion in central and southeastern Arizona has contributed to fragmentation among
semi-desert grasslands. The elimination of large fires from suburban development that created
artificial firebreaks from roads and development, resulted in the elimination of several open land-
scape adapted species, such as pronghorn (Antilocapra americana), throughout their former range
(Neff 1986; Ockenfels et al. 1996). The eradication of prairie dogs has had negative impacts on
semi-desert grasslands including lowered nutrient cycling and lowered plant and animal diversity.
Increased shrub/tree encroachment has also been influenced by the removal of prairie dogs as
they reduce woody seedling establishment (mesquite) through herbivory (Reynolds and Bohning
1956).

When grass cover is reduced following disturbance, woody shrubs and other desert plants
establish. Without frequent fires, changes in the surface soils over time will favor deep-rooted
shrubs and trees over shallow-rooted grasses resulting in an almost irreversible cycle (McAullife
1997). Many sites today are in a disclimax state where soil-binding perennial grasses have been
replaced by native and nonnative shallow rooted shrubs and annuals that compete with grasses.
As a result, many of these sites now resemble an open “soft chaparral” type (Brown and Makings
2014). This change is highly variable and depends on local site conditions such as soil type,
location, substrate characteristics, and level of disturbance.

Under reference conditions a majority of acres (70 percent) would be in the high seral state (B)
where a majority of the vegetation is composed of perennial grasses and late successional
herbaceous plants with shrub and tree cover collectively less than 10 percent. Twenty-five percent
of the vegetation would have been perennial-mixed grasses with shrub and tree cover collectively
less than 10 percent. Less common, representing 5 percent of vegetation, low-mid seral states
consisted of perennial-mixed grasses and forbs with various shrub and tree cover. Contemporary
states (E and F) are novel-low seral states with exotic grasses and various shrub and tree cover.
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Current conditions show very high departure at the plan and context scales; however, departure is
slightly lower at the context scale. Trends in seral state proportions are more or less the same
across scales (local, plan, and context) with more acres in the low to mid seral states (C, D) and
fewer acres in the high seral states (B). On the Tonto National Forest, a majority of the acres are
nearly split between open and closed (C, D) and closed states (E). This is very different than the
context scale where most of the acres are in open and closed (C, D) and only 4 percent are in
closed states (E). The exotic low seral state (F) is more common at the context scale; however,
the Agua Fria zone does have the highest proportion at 1.3 percent.

The higher proportion of closed states on the national forest suggests shrub/tree encroachment has
occurred at many areas of the Tonto. This is also evident by the much smaller average patch size
of 47 acres from reference conditions (1,015 — 1,343 acres). The fewer number of acres in closed
states at the context scale may partially be explained by differences in grassland response at lower
elevation sites. For example grasslands at valley bottoms with well-developed soils experienced
less negative impacts despite fire suppression, drought, and livestock grazing (McAuliffe 1995).
Reasons for the wide differences in resilience among semi-desert grasslands regionally are
unclear, however higher precipitation at sites may be a factor as well (Schussman and Smith
2006).

Conversion from open to more closed conditions are evident by the very low similarity to site
potential. Many shrubs and subshrubs are overrepresented on the national forest, such as broom
snakeweed (Gutierrezia sarothrae), and buckwheat (Eriogonum). These shrubs commonly invade
grasslands and can reach dominance at sites with a history of heavy grazing (Brown and Makings
2014). Many native bunch grasses are also poorly represented while sod-forming grasses have
increased in abundance at areas. The shift from bunch forming grasses to sod-forming grasses are
an indication of altered site conditions from disturbance. Velvet mesquite (Prosopis velutina) and
catclaw acacia (Acacia greggii) are also well above the similarity to site potential at many areas
further confirming the occurrence of shrub encroachment at sites. The effects are most
pronounced at the Upper Salt zone with 48 percent of the acers in closed grass, shrub/tree
conditions (E). Fungi and soil crusts play key roles in ecological functioning and significantly
reduce erosion potential from wind and water. Repeated disturbance can significantly reduce or
eliminate biological crusts that can negatively affect seedling germination, plant growth, and
nutrient levels (Belnap et al. 2001). The loss of biological crusts have likely contributed to the
lowered site productivity Semi-Desert Grassland.

The loss of frequent high severity fires has also strongly influenced grassland conversion to
shrubland. Fire return intervals in semi-desert grasslands on the Tonto National Forest currently
average 210 years. Most fires have been non-lethal to mixed-severity fires, while only 6 percent
have been stand-replacing. This change in fire has favored the continued establishment of woody
species and elimination of grasses and herbs. The lack fine fuels to carry fires are also evident by
the low vegetative ground cover at many areas.

Future Trend

Departure is projected to be the same (high departure); however, with some notable differences in
vegetation structure. Projections (Vegetation Dynamics Development Tool modeling) show most
acres moving out of the low-mid seral open and closed state (C, D) to the low seral exotic state
where the herbaceous layer is dominated by exotics (F). The altered fire regime along with exotic
grasses are strongly influencing projections of decreased open conditions. The increase in some
exotics, such as Lehmann lovegrass, have been described as having a positive feedback loop
where initial benefits (such as providing fine fuels and increasing fire frequency) eventually result
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in negative impacts such as increasing the extent of less-desirable exotic grasses, lowering
biodiversity and increasing fire intensity.

While the opportunity for the Tonto National Forest to contribute to the sustainability of this
ecological response unit at the context is low, these community types are at high risk on the Tonto
National Forest, outside the Tonto National Forest (context), and regionally (Arizona and New
Mexico). According to the Arizona Grasslands Assessment (Schussman and Gori 2004), The
Tonto National Forest was identified as having more restorable acres of semi-desert grasslands
compared to other landowners (private, state, and federal) and national forests regionally. Also,
while very few acres are in open perennial grass states, nearly half Semi-Desert Grassland acres
are in fire regime condition class 11 (52 percent). The ability to restore ecosystem components for
these acres are much higher than the 48 percent that are in fire regime condition class I11. For
these reasons, the Tonto National Forest has a high potential to contribute to ecosystem
maintenance for semi-desert grasslands regionally. While Semi-Desert Grassland on the Tonto is
the least common at the Agua Fria zone, it makes up the second most abundant community type
(Juniper Grass being the most abundant) at the Agua Fria zone and has the highest proportion of
exotics compared to all other zones and the context scale.

Numerous attempts to restore Semi-Desert Grassland regionally consist of controlled burns,
reduced grazing, and reseeding; however, it’s unclear whether or not these areas will return to
their historic state (Brown and Makings 2014). Degraded site conditions allow the establishment
and spread of exotic forb and grass species that can displace native species and increase fire
frequency. For example, shrub encroachment may increase wildlife habitat for generalist but
reduce habitat for grassland specialists (Knopf 1992).

Restoration efforts should be directed towards maintaining soil health and productivity, key
ecosystem processes (for example, fire), and community structure (for example, representation of
soil-binding species such as bunch-forming grasses) to improve overall ecological integrity. Some
grasslands need 1 to 3 seasons of rest between burns, whereas others may require longer periods
to obtain sufficient fuel loads (Schussman and Gori 2004). Caution should be taken when burning
areas dominated by nonnative grasses as information on post-fire regeneration for many is
lacking and fires can increase establishment of nonnatives (Schussman and Gori 2004).
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Semi-Desert Grassland (SDG)
Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF
Context | 1: Agua | 2: Lower | 3: Tonto | 4: Upper | 5: Lower Plan Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Scale (100 years)
A Post Disturbance (open) 25 2.8 3.6 15 0.6 0.1 0.2 0.8 0.0
B High Seral 70 14.5 0.6 0.1 0.3 0.2 0.1 0.2 0.1
C,D | Low-mid Seral, Ruderal Grass, 5 77.5 57.5 51.0 67.1 51.4 57.7 55.0 9.1
Shrub (open and closed)
E Low Seral, Ruderal Grass, 0 4.3 37.1 47.0 314 48.1 41.9 43.5 39.1
Shrub (closed)
F Low Seral Exotics 0 0.8 1.3 0.3 0.6 0.3 0.2 0.4 51.8

1. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale), see “Seral State Proportion” section for more information.

2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 1,015 to 1,343 acres. Current patch size = 47 acres. Departure = high, much
smaller

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Overall, native buckwheat (Eriogonum spp.) and broom snakeweed (Gutierrezia sarothrae) have increased in abundance.

Graminoids: Many of the potential grasses present have low abundance, such as sideoats and hairy grama (Bouteloua curtipendula and Bouteloua
hirsuta). Curlymesquite grass (Hilaria belangeri) has significantly increased in abundance in some areas.

Shrubs and trees: Many shrubs and trees, such as velvet mesquite (Prosopis velutina), catclaw acacia (Acacia greggii), catclaw mimosa (Mimosa
aculeaticarpa), desert ceanothis (Ceanothis greggii), red barberry (Mahonia haematocarpa), Sonoran scrub oak (Quercus turbinella) and others,
have significantly increased in abundance.
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Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (12%) Low (24%) Moderate (34%) Low (13%) Low (15)
Species present/potential Species 40/89 33/66 62/95 10/11

1 Forbs include all herbaceous flowering plants.
2 Graminoids include all grasses, sedges, and rushes.

Vegetative Groundcover (plan scale)
Reference = 28 percent

Current = 14 percent

Departure = Moderate (46)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components
Coarse woody debris and snags analysis does not apply to this ecological response unit.

Ecosystem Drivers and Stressors

Fire reference conditions: The fire regime for this ecological response unit is defined as having high-severity, stand-replacing, fires where more
than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire regime II).

Fire current conditions: Fire return interval = 210 years
Fire severity: Non-lethal = 72 percent. Mixed = 22 percent. Stand-replacing = 6 percent
Fire regime condition class: Class | = 0 percent. Class Il = 52 percent. Class 11l = 48 percent

Insect and disease: Analysis does not apply to this ecological response unit.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems
o High: yellow starthistle (Centaurea solstitialis)

e Moderate: Canada thistle (Cirsium arvense)

e Low: jointed goatgrass (Aegilops cylindrical)

No acres of noxious weeds have been mapped in this ecological response unit.
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Figure 12. Semi-Desert Grassland ecological response unit
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Pinyon-Juniper Woodland (PJO)
Elevation: 2,300 — 7,300 feet

Table 25. Distribution (acres and percent) at the context, plan, and local scales for Pinyon-Juniper

Woodland
1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
276,149 54,352 289 32,503 13,582 7,978
2% 2% 0.2% 4.2% 2.2% 1.0%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 26. Terrestrial ecosystem niche, Pinyon-Juniper Woodland

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

19.7%

-0.07

Low

Photo 5. Pinyon-Juniper Woodland
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Typical species for Pinyon-Juniper Woodland include twoneedle pinyon (Pinus edulis), single leaf
pinyon (Pinus monophylla var. fallax), Utah juniper (Juniperus osteosperma), oneseed juniper (J.
monosperma), and alligator juniper (J. deppeana). Pinyon-Juniper Woodland is a broad grouping
of different plant associations with trees occurring as individuals or in smaller groups and range
from young to old, but more typically as large, even-aged structured patches. Pinyon-Juniper
Woodland characteristically has a moderate to dense tree canopy and a sparse understory of
perennial grasses, annual and perennial forbs, and shrubs. Woodland development occurs in
distinctive phases, ranging from open grass-forb, to mid-aged open canopy, to mature closed
canopy. Some types on broken or rocky terrain exhibit little to no natural fire, and insects and
disease may be the only disturbance agents. Mostly found on lower slopes of mountains and in
upland rolling hills at approximately 4,500 to 7,500 feet in elevation. Most common pinon pine is
the two-needle pinon occurring in limited areas. One-seed juniper is most common; however,
there are areas with Utah juniper and Rocky Mountain juniper. In addition, annual and perennial
grasses and graminoids, forbs, half-shrubs and shrubs can be found beneath the woodland
overstory.

The Pinyon-Juniper Woodland ecological response unit covers 54,352 acres on the Tonto
National Forest and 276,149 acres in the surrounding context area. Representation (distribution)
of this ecological response unit on the Tonto (2 percent) is similar to the context area (2 percent).
With a very low proportional representation on the Tonto (-0.07), the opportunity for the Tonto
National Forest to influence context scale conditions for this ecological response unit is low. The
Pinyon-Juniper Woodland ecological response unit is present in four of the five local zones. Most
acres are located in the Lower Verde zone (32,503 acres), and Tonto Basin zone (13,582 acres)
with a lesser amounts in the Upper Salt zone (7,978 acres) and the Agua Fria zone (289 acres).

Reference Conditions

Historically, the Pinyon-Juniper Woodland was characterized by even-aged patches up to
hundreds of acres. Old growth was concentrated in stands or larger areas, and very old trees (over
300 years) were present. Overall, 60 percent of trees were medium to large (greater then10 inches
diameter at breast height). At the landscape scale, the mosaic of disturbance history and physical
site potential resulted in a variety of ages and stand structures (Huffman et al. 2008). Over 75
percent of stands were dense, with closely spaced trees and a closed canopy (Dick-Peddie 1993;
LANDFIRE 2010). Huffman and others (2008) reconstructed 1890 tree density and found an
average of 177 trees per acre.

Even though the Pinyon-Juniper Woodlands ecological response unit supports reasonable fuel
loads of both dead and live material, the fuels are very patchily distributed. Patches of heavy fuels
are typically separated by comparably sized patches of rock, bare ground, or sparse cover of herbs
that do not carry fire readily. Because of the lack of horizontal fuel continuity, fire spread was
typically under conditions of strong winds and extremely low fuel moisture (Romme et al. 2003).
Typical disturbances (fire, insects, and disease) were of high severity and occurred infrequently
with a historic fire return interval of 30 to 200 years from stand-replacing fire. These disturbance
patterns create and maintain the even-aged nature of this type. Widespread fire was rare, in most
cases fire return intervals were on the order of centuries, up to 400 years or more (Huffman et al.
2008). The historic extent and pattern of stand replacing fires have not been well quantified since
Pinyon-Juniper Woodlands would burn completely or not at all, making crossdating of fire-
scarred trees difficult (Huffman et al. 2008). Most fires likely burned single trees or small patches
but had little effect on woodland structure overall (Romme et al. 2009).
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Stand structure and extent of Pinyon-Juniper Woodlands were more likely driven by climate
fluctuation and insect and disease outbreaks than by fire. The resultant tree expansion and
contraction along grassland and shrubland borders has likely occurred cyclically for thousands of
years (Romme et al. 2009). Drought and pinyon pine Ips beetle outbreaks occurred in 2002 to
2004 and in the 1950s but have also been well documented during a severe drought in the 1500s
(USDA Forest Service 2014b). There is a high probability that individual pinyon pine trees will
experience Killing drought during their lifespan (Romme et al. 2009). Altogether, pinyon pine
populations are often affected by disturbance and rarely reach equilibrium (USDA Forest Service
2014b).

Current Conditions

Current conditions on the Tonto show a shift toward the more open states in both the
medium/large and small tree states. The early development, post disturbance grass/forb/shrub
state is slightly above reference condition levels at 16 percent. Current conditions at the context
scale are similar to the planning scale with a similar shift toward the more open states, but to a
slightly lesser degree, and the early development, post disturbance grass/forb/shrub state at the
context scale is slightly below the reference condition levels at 8 percent. The departure rating at
both scales is low. The departure rating for each of the four local zones is slightly different from
each other. The Tonto Basin and Upper Salt zones are showing departure ratings of low, while the
Lower Verde and Agua Fria zones are showing departure ratings of moderate.

The Upper Salt zone is the least departed of all the zones with a very low departure rating of 14
percent. With 64 percent in the combined medium/large states and just a little excess in the small
closed state (23 percent), this zone is very close to reference conditions. The Tonto Basin zone is
slightly more departed with a departure rating of 29 percent. This departure is similar to the
departure found at the planning scale in both the types of departure and the amounts of departure.
Together these two zones comprise 85 percent of the Pinyon-Juniper Woodland on the Tonto
National Forest and are responsible for the low plan scale departure.

The Lower Verde zone is very similar to the planning scale departure but has a departure rating of
moderate (36 percent) due to slightly less area in the medium/large states. The Agua Fria zone is
showing the highest level of departure with a departure rating of moderate (59 percent). The
departure in the Agua Fria zone is different from the other zones in that it has much less of the
medium/large tree states (20 percent) and an unusually high percentage of the seedlings and
saplings and small tree open state (49 percent). The higher departures seen in the Tonto Basin and
Lower Verde zones are likely the result of the 2004 Willow Fire which burned through a portion
of the Pinyon-Juniper Woodland in these zones. In the Agua Fria zone, the 2005 Cave Creek
Complex burned through all the Pinyon-Juniper Woodland contained in the zone. This ecological
response unit is also highly susceptible to the effects of insects and pathogens when stressed. Dry
conditions and the severe outbreak of pinyon bark beetles that occurred in 2003 contributed
increased coarse woody debris and fuel just prior to the fire events.

Fire exclusion probably has had little effect on Pinyon-Juniper Woodlands, since fire return
intervals are naturally very long in this ecological response unit (Romme et al 2003). The current
fire return interval of 201 years is well within the historic range. Drought conditions beginning in
the late 1990s initiated a bark beetle outbreak in 2003. This has resulted in an increased number
of snags and the accumulation of coarse woody debris. Coarse woody debris has increased to 17.3
tons per acre and the number of snags is now just over 10 per acre. This large loading in coarse
woody debris is expected in vegetation types with long fire intervals but not in this ecological

Tonto National Forest Final Assessment Report — 82



Volume | — Chapter 3. Terrestrial Ecosystems

type, as it is site limited by nutrient and water availability. Patch size has also decreased, along
with a decrease in the diversity of grasses and forbs and a reduction in vegetative ground cover.

Future Trend

Modeling predicts continued growth into the medium/large state class with the majority moving
into the medium/large open state class. The proportions of medium/large open and medium/large
closed state are predicted to be nearly equal by year 100. Grass/forb/shrub, small closed, and
seedling/saplings are predicted to decrease to levels near or slightly lower then reference
conditions in the next 100 years under current management.

Predictions indicate the medium/large closed state will remain well below reference conditions of
60 percent. This can be attributed to this systems susceptibility to the effects of insects,
pathogens, and climate change. Once the system is opened, as it has been by the insect outbreak
in 2003, the closing of canopies can require extended periods of time. Open canopies and smaller
patch sizes with large gaps can allow for the expansion of brush species into the openings. As
bush species expand, grass and forb production is reduced and less space is available for tree
seedling establishment. Insect outbreaks also result in an increase in the number of smaller snags
per acre less than 8 inches in diameter which will eventually lead to the further accumulation of
coarse woody debris as these snags fall.

Tonto National Forest Final Assessment Report — 83



Volume | — Chapter 3. Terrestrial Ecosystems

Pinyon-Juniper Woodland (PJO)

Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF*
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 10 8 22 16 21 7 16 9
F Small (closed) 15 14 8 18 13 23 17 8
B, E, C | Seedlings/Saplings and 5 15 49 24 17 6 20 7
Small Trees (open)
D Medium/Large (open) 10 23 12 18 16 16 17 39
G Medium/Large (closed) 60 40 8 24 33 49 30 38
Departure®: 23 (L) 59 (M) 36 (M) 29 (L) 14 (L) 30 (L) 31 (L)

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale), see “Seral State Proportion” section for more information.

3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 50 to 400 acres. Current patch size = 24 acres. Departure = moderate, smaller

Understory Structure and Composition
Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Overall forb abundance is low, with the exception of increases in herbaceous burclover (Medicago spp.) at some locations.

Shrubs and trees: Wright’s silktassel and Sonoran scrub oak (Garry spp., and Quercus turbinella) have increased in abundance, while pointleaf
manzanita and single-leaf pinyon (Arcostaphylos pungens and Pinus monophylla) have decreased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (22%) Moderate (50%) | Moderate (57%) | Moderate (65%) Low (30)
Species present/potential Species 2/6 9/15 18/20 6/6

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 71 percent

Current = 29 percent

Departure = Moderate (39)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse woody debris and shags

Reference: Coarse woody debris = 4.0 tons per acre. Snags greater than 8 inches = 2.0. Snags greater than 18 inches = 1.0
Current: Coarse woody debris = 17.3 tons per acre. Snags greater than 8 inches = 8.4. Snags greater than 18 inches = 1.8

Ecosystem Drivers and Stressors

Fire reference conditions: This ecological response unit typically had high-severity, stand-replacing, fires where greater than 75 percent of the
dominant overstory vegetation is replaced with fire frequencies or return intervals of 200+ years (fire regime V). However some areas did
experience mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return
intervals of 35 to 100+ years (fire regime 111).

Fire current conditions: Fire return interval = 201 years
Fire severity: Non-lethal = 68 percent. Mixed = 27 percent. Stand-replacing = 5 percent
Fire regime condition class: Class | = 20 percent. Class Il = 80 percent. Class 111 = 0 percent

Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed. A survey in 2003 showed an
unprecedented, severe outbreak of pinyon bark beetles.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems
e High: Russian knapweed (Acroptilon repens), sweet resinbush (Euryops subcarnosus)

e Moderate: Malta starthistle (Centaurea melitensis), Dalmatian toadflax (Linaria dalmatica), diffuse knapweed (Centaurea diffusa), yellow
starthistle (Centaurea solstitialis)

e Low: jointed goatgrass (Aegilops cylindrical)

No acres of noxious weeds have been mapped in this ecological response unit.
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Figure 13. Pinyon-Juniper Woodland ecological response unit
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Juniper Grass (JUG)
Elevation: 2,200 — 7,600 feet

Table 27. Distribution (acres and percent) at the context, plan, and local scales for Juniper Grass

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
647,511 415,546 62,022 158,517 91,348 99,753 3,906
5% 15% 36.5% 20.5% 14.7% 13.1% 0.9%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 28. Terrestrial ecosystem niche, Juniper Grass

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
64.2% 0.47 High

Photo 6. Juniper Grass

Juniper Grass is typically on warmer and drier settings beyond the environmental limits of pinyon
pine, and just below, and often intergrading with, the pinyon-juniper zone. However Juniper
Grass tends to be restricted to warmer and drier settings that limit pinyon (Wahlberg et al. 2013).
Mollisol soils are common for this ecological response unit and support a dense herbaceous
matrix of native grasses (mostly perennials) and forbs. Typical disturbances (fire, insects, and
disease) are of low severity and high frequency with a historic average fire return interval of 0 to
35 years from low to moderate severity fires. These disturbance patterns create and maintain the
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uneven- aged, open-canopy nature of this type. Typically, native understory grasses are perennial
species, while forbs consist of both annuals and perennials. Shrubs are characteristically absent or
scattered. This type is typically found on sites with well-developed, loamy soil characteristics,
generally at the drier edge of the woodland climatic zone. Generally these types are most
extensive in geographic areas dominated by warm (summer) season or bi-modal precipitation
regimes. Overall, these sites are less productive for tree growth than the Pinyon-Juniper
Woodland type.

The Juniper Grass ecological response unit covers 415,546 acres on the Tonto National Forest and
647,511 acres in the surrounding context area. Representation (distribution) of this ecological
response unit on the Tonto National Forest is 15 percent of the land area, substantially more the
context area representation of 5 percent. This high proportional representation on the Tonto means
the sustainability of this system at the context scale is highly sensitive to conditions on the
planning scale. The juniper grass ecological response unit occurs in in all five local zones. The
majority is in the Lower Verde (158,517 acres), Upper Salt (99,753 acres), and Tonto Basin zones
(91,348 acres). A little lesser amount (62,022 acres) occurs in the Agua Fria zone and minimal
amount (3,906 acres) can be found in the Lower Salt zone.

Reference Conditions

The Juniper Grass ecosystem is generally uneven-aged and very open in appearance. Trees occur
as individuals or in smaller groups with the majority (60 percent) of medium to large in size. Like
many of the other woodland types, a fair proportion (35 percent) of small trees is also represented
on Juniper Grass landscapes. Snags are not prevalent but exist, roughly four per acre with the
majority being smaller in diameter. The dense herbaceous matrix of native grasses and forbs
along with the frequent disturbance limit the average patch size from 0.07 to 0.5 acres. The
herbaceous understory encourages frequent low-severity wildfire to occur every 8 to 30 years
depending on site conditions. Limited overstory tree cover and woody plants limit the amount of
coarse woody debris to 3.0 tons per acre. Despite the presence of a well-developed herbaceous
layer, over a quarter of the soil surface is exposed and the amount of ground litter is significantly
less relative to all other ecological response units.

Current Conditions

The Juniper Grass ecological response unit is moderately departed at both the planning scale and
the context scale. Multiple wildfires and management are largely responsible for the current
conditions found on the planning scale. The planning scale show a significant shift toward the
early development states with 67 percent of this ecological response unit in the grass and forb
state, and just under 20 percent in the late development, medium to large tree states. The majority
of the medium/large tree state on the plan scale is in a closed canopy condition (13 percent) with
only 6 percent in the open canopy condition. With conditions on the Tonto National Forest closely
correlated to the conditions at the context scale, it is no surprise that the context scale shows a
similar shift. The context scale departure is slightly lower than the planning scale, with 56 percent
in the grass and forb state and 30 percent in late development medium to large tree states evenly
split between the open and closed states. At the local zones, the Lower Verde, Upper Salt, and
Agua Fria zones are similar to the planning scale in both the level and type of departure, with
moderate departures of 65 percent in the Lower Verde and Upper Salt zones and 64 percent in the
Agua Fria zone. The Tonto Basin and Lower Salt zones are showing high departure ratings. This
increase in departure rating is the result of even higher percentages in the grass/forb/shrub state.
In the Tonto Basin zone, 72 percent of the area is in the grass/forb/shrub state and in the Lower
Salt zone 93 percent of the area is in the grass/forb/shrub state. A great deal of this shift to the

Tonto National Forest Final Assessment Report — 88



Volume | — Chapter 3. Terrestrial Ecosystems

grass/forb/shrub state can be attributed to six wildfires that burned through this ecological
response unit within the last twelve years. The 2004 Willow Fire in the Lower Verde and Tonto
Basin zones, the 2005 Cave Creek Complex in the Agua Fria zone, the 2005 Peachville fire in the
Lower Salt zone and in 2012 the Sunflower Fire in the Agua Fria zone, the Mistake Peak Fire in
the Tonto Basin zone and the Queen Fire in the Lower Salt zone.

Repeated wildfires, range management activities and grazing have all contributed to an increases
in patch size. Patches now average 30 acres at the plan scale, which is highly departed from the
small patch sizes of one half acre or less found in the reference condition. An increase in coarse
woody debris, a decrease in ground cover, and a reduction in the diversity of grass, forbs, and
shrubs are also likely result of repeated wildfires and grazing. Historically, these system burned
under a frequent, non-lethal fire regime with a fire return interval of 0-35 years. Now they are
experiencing fire return intervals of up to 96 years with 21 percent of these fires burning with
mixed-severity and 5 percent burning with stand-replacing intensity. Many of these sites now
have insufficient ground vegetation to carry non-lethal surface fire.

Future Trend

Vegetation Dynamics Development Tool models predict the amount of grass/forb/shrub state on
the plan scale to decrease to 13 percent by year 100. This is still above the reference condition of
5 percent. The small closed state and the seedling and sapling small tree open state will remain
relatively constant with a slight decrease in both states. The medium/large open state and the
medium/large closed state are predicted to increase, as tree diameter increase, with the majority of
the increase occurring in the medium/large open state. The medium/large open state is predicted
to be near the reference condition at 46 percent by year 100, just slightly below the 50 percent
found in the reference condition. The medium/large closed state is expected to reach 34 percent a
condition that accounted for only 10 percent in the reference condition. The trend toward the
closed state is predicted to continue well into the future, well beyond 100 years.

Past wildfires and current management has created and maintained a higher proportions of the
juniper grass ecological response unit in the grass/forb/shrub state. This has put this ecological
response unit on a trajectory that, in the future, will bring it closer to reference conditions with a
predicted departure at 100 years of 32 percent (low). With continued fire suppression, livestock
grazing and an absence of disturbance the small closed state and some of the medium/large open
state will continue to move into the medium/large closed state as the in-filling of the canopy gaps
continues. With 34 percent of this ecological response unit remaining in a denser state in the
future, it will continue to be susceptible to outbreaks of insects, pathogens and stand replacing
wildfire.
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Juniper Grass (JUG)
Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 5 56 65 65 72 66 93 67 13
F Seedlings/Saplings and 25 8 11 11 5 9 0 5 3
Small Trees (open)
B,E,C Small (closed) 10 6 4
D Medium/Large (open) 50 15 46
G Medium/Large (closed) 10 15 14 15 9 13 1 13 34
Departure? | 56 (M) | 64(M) | 65 (M) 65 (M) 32 (L)

1. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale), see “Seral State Proportion” section for more information.
2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure

calculation.

Average Patch Size (acres at plan scale). Reference patch size = 0.07 to 0.5 acres. Current patch size = 30 acres. Departure = high, much larger

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Almost all forbs, such as native buckwheat (Eriogonum) and broom snakeweed (Gutierrezia sarothrae), have increased in abundance.

Graminoids: Cane bluestem (Bortriochloa barbinodis), and sideoats grass (Bouteloua curtipendula) have increased in abundance, while
curlymesquite grass (Hilaria belangeri) and muly grass (Hilaria belangeri) have decreased in abundance.

Shrubs and trees: Many shrubs, such as alder-leaf mountain-mahogany (Cercocarpus montanus) and Sonoran scrub oak (Quercus turbinella), have
increased in abundance, while a few, such as crucifixion thorn (Canotia holacantha), have decreased in abundance. Utah and one-seed juniper
(Juniperus monosperma and Juniperus osteosperma) are more abundant than redberry juniper (Juniperus coahuilensis) in some locations.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (14%) Moderate (45%) | Moderate (54%) | Moderate (51%) Low (26)
Species present/potential Species 26/69 25/49 30/44 9/9

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)

Reference = 49 percent

Current = 21 percent

Departure = Moderate (44)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 3.0 tons per acre. Snags greater than 8 inches = 3.0. Shags greater than 18 inches = 1.0
Current: Coarse woody debris = 8.8 tons per acre. Snags greater than 8 inches = 2.7. Snags greater than 18 inches = 0.7

Ecosystem Drivers and Stressors

Fire reference conditions: The fire regime for this ecological response unit is defined as having non-lethal (mostly surface fires) to mixed-severity
fires, where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire
regime I).

Fire current conditions: Fire return interval = 96 years
Fire severity: Non-lethal = 74 percent. Mixed = 21 percent. Stand-replacing = 5 percent
Fire regime condition class: Class | = 0 percent. Class Il = 100 percent. Class I11 = 0 percent.

Insect and disease: Analysis does not apply to this ecological response unit.
Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

o High: yellow starthistle (Centaurea solstitialis)
e Moderate: Canada thistle (Cirsium arvense)
e Low: jointed goatgrass (Aegilops cylindrical)

Seventy-six acres of noxious weeds have been mapped in this ecological response unit.
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Madrean Encinal Woodland (MEW)

Elevation: 3,400 — 6,700 feet

Table 29. Distribution (acres and percent) at the context, plan, and local scales for Madrean Encinal

Woodland
1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
154,815 93,157 10,938 67,375 14,823 21
1% 3% 1.4% 10.9% 1.9% <0.1%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 30. Terrestrial ecosystem niche, Madrean Encinal Woodland

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

60.2%

0.45

High

Photo 7. Madrean Encinal Woodland

The Madrean Encinal Woodland is dominated by Madrean evergreen oaks such as Arizona white
oak (Quercus arizonica), Emory oak (Quercus emoryi), gray oak (Quercus grisea), Mexican blue
oak (Quercus oblongifolia), and Toumey oak (Quercus toumeyi) are the dominant species for this
ecological response unit which historically had greater than 10% canopy cover (Wahlberg et al.
2013). Occasionally, madrean pine, Arizona cypress, pinyon, juniper, and interior chaparral
species may be present. The groundcover is dominated by warm-season grasses. Grass species
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include threeawns (Aristidateripes and A. schiedeana var. orcuttiana), blue grama (Bouteloua
gracilis), sideoats grama (Bouteloua curtipendula), Rothrock grama (Bouteloua rothrockii),
Arizona cottontop (Digitaria californica), plains lovegrass (Eragrostis intermedia), curly-
mesquite (Hilaria belangeri), green sprangletop (Leptochloa dubia), muhly grasses
(Muhlenbergia emerslyi, M. pauciflora, and M. setifolia), and Texas bluestem (Schizachyrium
cirratum) (Wahlberg et al. 2013).

The Madrean Encinal Woodland ecological response unit covers 93,157 acres on the Tonto
National Forest and 154,815 acres in the surrounding context area. Representation (distribution)
of this ecological response unit on the Tonto is 3.4 percent of the land area, more than twice the
context area representation of 1.3 percent. This high proportional representation on the national
forest means the sustainability of this system at the context scale is highly sensitive to conditions
on the planning scale. The Madrean Encinal Woodland occurs in four of the five local zones. The
majority (72 percent) is in the Tonto Basin zone (67,375 acres), the Lower Verde zone with
10,938 acres and Upper Salt zone with 14,823 acres account for most of the rest. A minor amount
(21 acres) can be found in the Lower Salt zone.

Reference Conditions

Madrean encinal woodlands were historically dominated by an open stand of oaks with denser
stands of oaks on north facing slopes and in drainages. Perennial grasses composed the
understory and provided fuel for surface fires. Over the last 150 years, the Madrean Encinal
Woodland has trended away from these open woodlands and towards woodlands with higher
canopy cover and higher abundances of mesquite and juniper trees (Turner and others 2003).
Regeneration of the dominant oak species is primarily due to re-sprouting following a disturbance
with little regeneration from acorns due to dry conditions (Germaine and McPherson 1998).
Additionally, drought has been suggested to cause mortality in oaks at the lower elevational
boundary of this ecological response unit (Turner and others 2003).

Frequent fires, occurring primarily between April and June, have been well documented for the
semi-desert grasslands and Madrean pine-oak woodlands that border the Madrean Encinal
Woodland; however, little is known about the frequency of fire in southwestern oak woodlands
(Bahre 1985; Fulé and others 2005; Humphrey 1952, Kaib et al. 1996, McPherson 1995,
Swetnam and Baisan 1996; Swetnam and others 1992; Wright 1980). Given that fires in semi-
desert grasslands occurred on average every 2.5 to 10 years, covered hundreds of square miles,
and often spread to upper elevation Madrean pine-oak systems, which experienced fires on
average every 3 to 7 years, it seems likely that the Madrean Encinal Woodland also experience
frequent fires (Bahre 1985; Fulé and Covington 1998b; Fulé and others 2005; Kaib et al. 1996;
McPherson 1995; Swetnam and Baisan 1996; Swetham and others 1992). The ability of the
dominant vegetation, evergreen oaks and perennial bunch grass, to recover quickly after fire also
supports the idea of frequent fire in oak woodlands (Bock and Bock 1992; Cable 1972; Caprio
and Zwolinski 1992; Martin 1983). Frequent fires kept fuel loads relatively constant spatially and
temporally and encouraging understory herb cover. The frequent return of fire in these systems
would limit the accumulation of coarse woody debris to levels around 2.2 tons per acre.

Current Conditions

Due to the effects of long-term fire exclusion and grazing in this type, the Madrean Encinal
Woodland ecological response unit is moderately departed at both the national forest level and the
context scale. The Tonto is showing a departure of 43 percent, while the context scale is slightly
lower at 40 percent. The majority of this departure is due to a shift from small closed to the
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medium/large closed state which was not present under reference conditions. This is the result of
the small closed state (40 percent of the ecological response unit under reference conditions)
developing uninterrupted without the disturbance required to open canopies. The small closed
state has decreased to 12 percent on the Tonto and 11 percent at the context scale, while the
medium/large closed state has increased to 33 percent on the national forest national forest and 27
percent at the context scale. Without the level of disturbance required to regulate early
successional development, the proportions in the seedling/sapling and small tree classes have also
been reduced to 10 percent on the Tonto and 14 percent at the context scale, while
grass/forb/shrub state has remained relatively constant at both scales showing a slight increase.
This ecological response unit occurs in four of the five local zones, all of which are showing a
departure rating of moderate. The majority of the Madrean Encinal Woodland ecological response
unit occurs on the Lower Verde (10,938 acres), Tonto Basin (67,375 acres), and Upper Salt zones
(14,823 acres), with a minor amount occurring on the Lower Salt zone (21 acres). The departure
on the Tonto Basin (34 percent) and Lower Salt (43 percent) is similar to the departure found at
the planning scale and the context scales in both the types of departure and the amounts of
departure. The Upper Salt zone is showing a slightly higher level of departure (48 percent) due to
a slightly larger percentage of the medium/large closed state and less of the seedling and sapling
and small tree state. The departure on the Lower Verde is similar in scale (44 percent) but differs
in the type of departure. The Lower Verde has less area in the medium/large closed state (15
percent) and a large increase in the amount of the grass/forb/shrub state (48 percent). The high
percentage of the grass/forb/shrub state can be attributed to the 1995 Basin, 2004 Willow, and
2012 Sunflower fires in the Lower Verde zone.

Fire suppression and grazing have both contributed to a lengthening of the fire return interval to
170 years instead of the 0-35 years found under reference conditions. This has allowed the coarse
woody debris to build up to 22.3 tons per acre and the number of snags greater than 8 inches to
reach 5.6 per acre. This is good for providing wildlife habitat, but the large amounts of coarse
woody debris are likely to increase fire behavior to the point where wildfires are more resistant to
control. The in-filling of the canopy gaps and increased density of brush species in the
medium/large closed state has led to a reduction in the abundance and diversity of grass and forb
species and a reduction in vegetative groundcover. However, patch size has remained within the
natural range of variation at 30 acres. The combination closed canopies, increased coarse woody
debris, and reduced vegetative ground cover makes it difficult to reintroduce non-lethal fire into
this system as a management tool without first modifying the distribution, spatial arrangement,
and concentration of the current fuel loads.

Future Trend

Modeling of future conditions predicts the trend toward the medium/large closed state to continue
in the absence of reoccurring disturbances and the Madrean Encinal Woodlands to remain
moderately departed into the foreseeable future. The small closed state and the seedling/sapling
open states are predicted to remain relative constant decreasing only slightly as they continue to
develop into the larger state classes. The medium/large closed state is predicted to account for as
much as 42 percent of the Madrean Encinal Woodlands land area in 100 years.

As the medium/Ilarge closed canopy state continues to increases, grass and forb production will
decrease and shrub development will tends to increase. Patch size, which is currently within the
historical range, may begin to increase in size as the canopies close in and canopy gaps become
smaller. Coarse woody debris is predicted to increase and may contribute to increased risk of
uncharacteristic wildfire.
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Madrean Encinal Woodland (MEW)
Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF*
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 20 23 48 27 26 29 29 16
F Small (closed) 40 11 11 12 15 12 12 11
B, E, C | Seedlings/Saplings and 25 14 11 11 5 10 10 8
Small Trees (open)
D Medium/Large (open) 15 24 16 17 11 16 16 22
G Medium/Large (closed) 0 27 15 34 42 33 33 42
Departure®: | 40 (M) 44 (M) 42 (M) 48 (M) 43 (M) 43 (M) 50 (M)

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section for more information.
3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure

calculation.

Average Patch Size (acres at plan scale): Reference patch size = 0.7 to 50 acres. Current patch size = 30 acres. Departure is within the natural
range of variation.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Graminoids: Increases in sideoats grama (Bouteloua curtipendula).

Shrubs and trees: Large decreases in alder-leaf mountain-mahogany (Cercocarpus montanus), pointleaf manzanita (Arcostaphylos pungens), and
buckthorn (Rhamnus spp.), and slight increase in Wright’s silktassel (Garrya wrightii). Overall, pinyon pine (Pinus edulis) has increased in
abundance, while Emory oak (Quercus emoryi) has decreased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Moderate (42%) Moderate (38%) | Moderate (60%) | Moderate (57%) Low (33)
Species present/potential Species 14/54 19/35 16/24 8/9

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)

Reference = 46 percent.

Current = 29 percent

Departure = Moderate (53)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 2.2 tons per acre. Snags greater than 8 inches = 4.0. Snags greater than 18 inches = 1.0
Current: Coarse woody debris = 21.3 tons per acre. Snags greater than 8 inches = 5.6. Snags greater than 18 inches = 0.8

Ecosystem Drivers and Stressors

Fire reference conditions: This ecological response unit typically had non-lethal (mostly surface fires) to mixed-severity fires where less than 75
percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire regime I). However some
areas did experience mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or
return intervals of 35 to 100+ years (fire regime I11).

Fire current conditions: Fire return interval = 170 years
Fire severity: Non-lethal = 57 percent. Mixed = 38 percent. Stand-replacing = 5 percent
Fire regime condition class: Class | = 0 percent. Class Il = 100 percent. Class 111 = 0 percent

Insect and disease: Surveyed yearly. No specific historic records of insects and pathogens. System is at low risk for effects.
Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

e High: yellow starthistle (Centaurea solstitialis), fountain grass (Pennisetum setaceum), sweet resinbush (Euryops subcarnosus)
e Moderate: diffuse knapweed (Centaurea diffusa)
e Low: jointed goatgrass (Aegilops cylindrical)

No acres of noxious weeds have been mapped in this ecological response unit.
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Pinyon-Juniper Evergreen Shrub (PJC)
Elevation: 2,400 — 7,800 feet

Table 31. Distribution (acres and percent) at the context, plan, and local scales for Pinyon-Juniper
Evergreen Shrub

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
1,875,546 398,154 8,719 90,131 133,208 151,777 14,319
15% 14% 5.1% 11.7% 21.5% 19.9% 3.3%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 32. Terrestrial ecosystem niche, Pinyon-Juniper Evergreen Shrub

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
21.2% -0.04 Low

This ecological response unit is generally found on lower slopes bordering chaparral at lower
elevations and montane forests at higher elevations. This type reaches dominance among areas
with mild climate gradients and bi-modal precipitation regimes (Wahlberg et al. 2013). Dominant
tree and shrub species include twoneedle pinyon (Pinus edulis), single leaf pinyon (Pinus
monophylla var. fallax), Utah juniper (Juniperus osteosperma), oneseed juniper (J. monosperma),
alligator juniper (J. deppeana), Manzanita spp. (Arctostaphylos spp.), mountain mahogany
(Cercocarpus montanus), Antelope bushes (Purshia spp.), silktassles (Garrya spp.), Stansbury
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cliffrose (Purshia stansburiana), turbinella oak (Quercus turbinella), and sumacs (Rhus spp.).
Pinyon may be absent at some areas, however juniper is always present. Oaks (Arizona white
oak, grey oak, Emory oak) become more common among mild climate zones in central Arizona.
The understory is dominated by low to moderate density shrubs, with herbaceous plants in the
interspaces. This ecological response unit is found on well-drained soils, frequently with coarse-
textured or gravelly (stony) soil characteristics. Aside from disparities in structure and
composition, Pinyon-Juniper Evergreen Shrub can also be differentiated from Interior Chaparral
by longer fire intervals and less severe fire events.

The Pinyon-Juniper Evergreen Shrub ecological response unit covers 398,154 acres on the Tonto
National Forest and 1,875,546 acres in the surrounding context area. Representation (distribution)
of this ecological response unit on the Tonto (14 percent) is similar to the context area (15
percent). With a very low proportional representation on the Tonto (-0.04), the opportunity for the
Tonto National Forest to influence context scale conditions for this ecological response unit is
low. The Pinyon-Juniper Evergreen Shrub ecological response unit is present in all five local
zones. Most acres are located in the Upper Salt (151,777 acres), Tonto Basin (133,208 acres), and
Lower Verde zones (90,131 acres), with lesser amounts in the Lower Salt zone (14,319 acres) and
the Agua Fria zone (8,719 acres).

Reference Conditions

Information on the historic condition of this type is sparse. Pinyon-Juniper Evergreen Shrub
normally occurs as a mix of trees and shrubs with sparse herbaceous cover but can be
characterized by a series of vegetation states that move from herbaceous-dominated to shrub-
dominated to tree-dominated over time, unless interrupted by a high severity stand replacing fire
or a mixed-severity fire. Mixed-severity fire returns severely-burned vegetation patches to an
herbaceous-dominated state and reduces tree and shrub densities in less severely-burned
vegetation patches.

Typical disturbances (fire, insects, and disease) are mixed severity and moderate, although some
evergreen shrub woodland types exhibit infrequent fire/high severity effects (fire regime 1V, 35-
200 years, replacement severity; for example, pinyon-juniper manzanita). Disturbance patterns
create and maintain tree-age diversity and low to moderately closed canopy that is typical of this
type. Historically this ecological response unit had greater than 10 percent tree canopy cover in
later successional stages. Trees occur as individuals or in smaller groups and range from young to
old, but typically small stands or clumps are even-aged in structure as a consequence of mixed-
severity fire. The shrubs understory ranges from low to moderate density depending on the time
since the last disturbance. Shrub species include manzanita, mountain mahogany, antelope
bushes, silktassles, Stansbury cliffrose, turbinella oak, and sumacs. Perennial native grasses and
both annuals and perennial forbs comprise the remainder of the inter-canopy interspaces.

Current Conditions

Current conditions on the Tonto show a shift toward the medium/large closed canopy state with
the shrub densities increasing and herbaceous plant cover decreasing. The early development,
post disturbance grass/forb/shrub state exceeds reference condition and is currently at 38 percent.
Conditions at the context scale are similar in nature to the conditions on the national forest,
except the amount of departure is not as great (54 percent). At the context scale closed canopy
states have increased in both the small and medium/large tree states while post disturbance
grass/forb/shrub state has increased to 22 percent. All five local zones are showing a departure
rating of high (72 percent or higher). Departure on the Upper Salt (77 percent), Tonto Basin (72
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percent), and Lower Verde zone (75 percent) is similar to the departure found at the planning
scale in both the types of departure and the amounts of departure. The Lower Salt and Agua Fria
zones are showing a slightly higher level of departure and a large increase in the amounts of the
grass/forb/shrub state. The Lower Salt zone has an ecological response unit departure rating of 84
percent, with 56 percent of the ecological response unit in the grass/forb/state and the Agua Fria
zone has an ecological response unit departure rating of 86 percent with 80 percent of the
ecological response unit in the grass/forb/state. The high percentage of the grass/forb/shrub state
can be attributed to the 2005 Cave Creek Complex Fire in the Agua Fria zone, and several other
fires which burned through this ecological response unit across the national forest with mixed to
stand replacing intensity.

Fire suppression and grazing have both contributed to a lengthening of the fire return interval to
215 years instead of the 35 to 100+ years found under reference conditions. This has allowed the
coarse woody debris to build up to 23.9 tons per acre and the number of snags greater than 8” to
reach 5.6 per acre. This is good for providing wildlife habitat but is likely to increase fire
behavior to the point where wildfires is more resistant to control. The in-filling of the canopy
gaps and increased density of brush species in the medium/large closed state has led to a
reduction in the abundance and diversity of grass and forb species. However, recent fires have
helped to reduce patch size to 40 acres which is only slightly smaller than the reference condition
of 50 to 200 acres.

Future Trend

The conditions in the Pinyon-Juniper Evergreen Shrub ecological response unit is projected to
slowly improve, moving closer to reference conditions by the year 100. Vegetation Dynamics
Development Tool models predict the amount of grass/forb/shrub state on the plan scale to
decrease over time as seedlings and small trees become established. The small closed state and
the seedling/sapling small tree open state will remain relatively constant with only minor
fluctuations. The medium/large open state and the medium/large closed state are predicted to
increase as tree diameter increase with the majority of the increase occurring in the medium/large
open state. The medium/large open state is predicted to be near reference condition levels at 34
percent by the year 100. However, the medium/large closed state is expected to continue to
increase, reaching 31 percent, a condition that was not found in the reference condition.

The medium/large closed canopy condition is the result of the in-filling of canopy gaps and
increases in density of tree groups and brush species. As the canopy closes and the brush
increases there is a corresponding reduction in the composition, density, and vigor of the
herbaceous understory vegetation. Many of these closed canopy sites will have insufficient
herbaceous vegetation to carry non-lethal surface fires. As a result, these closed canopy sites will
continue to be stressed and the potential for insect, pathogens and wildfire will continue to be
very high.
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Pinyon-Juniper Evergreen Shrub (PJC)

Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF

Context | 1: Agua | 2: Lower | 3: Tonto 4: Upper | 5: Lower Projection?

State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 5 22 80 41 34 36 56 38 11
B, E,C | Small (closed) 0 12 4 9 9 8 7 14 12
F Seedlings/Saplings and 55 9 3 16 14 14 13 9 12

Small Trees (open)
D Medium/Large (open) 40 29 5 10 14 10 4 11 34
G Medium/Large (closed) 0 29 9 23 29 33 20 28 31
Departure?: | 54 (M) 49 (M)

1. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale), see “Seral State Proportion” section for more information.

2. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 50 to 200 acres. Current patch size = 40 acres. Departure = low, slightly
smaller.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: native buckwheat (Erogonum spp.) have increased in abundance.

Graminoids: Large increases in hairy and curlymesquite grass (Bouteloua hirsuta and Hilaria belangeri) and slight decreases in desert needlegrass
(Achnatherum speciosum).

Shrubs and trees: catclaw acacia (Acacia greggii), broom snakeweed (Gutierrezia sarothrae), and Sonoran scrub oak (Quercus turbinella) have all
increased in abundance, while pointleaf manzanita (Arcostaphylos pungens) has decreased overall. A general shift in abundance from single-leaf
pinyon (Pinus monophylla) to one-seed juniper (Juniperus osteosperma).

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (12%) Low (28%) Moderate (38%) Low (39%) Low (21)
Species present/potential Species 22/91 33/56 40/61 11/14

1. Forbs include all herbaceous flowering plants. 2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Ground Cover (plan scale)
Reference = 62 percent

Current = 31 percent

Departure = Moderate (39)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 3.0 tons per acre. Snags greater than 8 inches = 3.0. Snags greater than 18 inches = 1.0

Current: Coarse woody debris = 23.9 tons per acre. Snags greater than 8 inches = 5.6. Snags greater than 18 inches = 1.3

Ecosystem Drivers and Stressors
Fire reference conditions: This ecological response unit typically had mixed-severity fires where less than 75 percent of the dominant overstory
vegetation is replaced with fire frequencies or return intervals of 35 to 100+ years (fire regime 111). However some areas did experience high-
severity, stand-replacing fires where greater than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return
intervals of 35 to 100+ years (fire regime 1V).
Fire current conditions: Fire return interval = 215 years

Fire severity: Non-lethal = 57 percent. Mixed = 25 percent Stand-replacing = 18 percent

Fire regime condition class: Class | = 21 percent. Class Il = 79 percent. Class 111 = 0 percent

Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed. A survey in 2003 showed an
unprecedented, severe outbreak of pinyon bark beetles.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

o High: Russian knapweed (Acroptilon repens), sweet resinbush (Euryops subcarnosus)

e Moderate: Malta starthistle (Centaurea melitensis), Dalmatian toadflax (Linaria dalmatica), diffuse knapweed (Centaurea diffusa), yellow
starthistle (Centaurea solstitialis)

e Low: jointed goatgrass (Aegilops cylindrical)
Seven acres of noxious weeds have been mapped in this ecological response unit.
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Pinyon-Juniper Grass (PJG)

Elevation: 3,400 — 7,000

Table 33. Distribution (acres and percent) at the context, plan, and local scales for Pinyon-Juniper

Grass
1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
612,017 74,240 720 8,180 33,728 31,612
5% 3% 0.4% 1.1% 5.4% 4.1%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 34. Terrestrial ecosystem niche, Pinyon-Juniper Grass

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

12.1%

-0.31

Low

Photo 9. Pinyon-Juniper Grass

The Pinyon-Juniper Grass ecological response unit occurs across the states of Arizona and New
Mexico, in what were historically more open woodlands with grassy understories. Tree species
include one seed juniper (Juniperus monosperma), Utah juniper (Juniperus osteosperma), Rocky
Mountain juniper (Juniperus scopulorum), alligator juniper (Juniperus deppeana) and twoneedle
pinyon (Pinus edulis). Native understories were made up of perennial grasses, with both annual
and perennial forbs, and shrubs that were absent or scattered. Loamy soils, warm summers, and
bimodal precipitation are typical for Pinyon-Juniper Grass types (Wahlberg et al. 2013).
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Historically, herbaceous understories of native grasses and forbs provided fine fuel sources for
fire, aiding in the maintenance of an uneven-aged open canopy condition (Wahlberg et al. 2013).

The Pinyon-Juniper Grass ecological response unit covers 74,240 acres on the Tonto National
Forest and 612,017 acres in the surrounding context area. Representation (distribution) of this
ecological response unit on the Tonto is 3 percent, similar to the context area representation of 5
percent. With a low proportional representation on the Tonto (-0.31), the opportunity for the
Tonto National Forest to influence context scale conditions for this ecological response unit is
low. At the local scale, most acres are located in the Tonto Basin (33,728 acres) and Upper Salt
zones (31,612 acres) with lesser amounts in the Lower Verde zone (8,180 acres) and minor
amounts in the Agua Fria zone (720 acres).

Reference Conditions

Information on the historic condition of this type is sparse. The Pinyon-Juniper Grass type
historically occurred across the Southwest, with trees that would have occurred as individuals or
in smaller clumps and ranged from young to old (uneven-aged) open woodlands with grassy
understories (Ffolliott and Gottfried 2002). Scattered shrubs and a dense herbaceous understory
of native perennial grasses and annual and perennial forbs characterize this type. Site productivity
suggests that the development of a grass and fine fuels layer (22 percent groundcover) would
have supported frequent-fire, open-forest dynamics (Gottfried 2003). Typical disturbances (fire,
insects, and disease) were of low severity and high frequency, creating and maintaining an
uneven-aged open canopy. The historic fire return interval was 8 to 36 years (Margolis 2014;
Basin and Swetham 1995; Grissino-Mayer and Swetnam 1995; Allen 1989) from low to moderate
severity fire. Reference patch sizes in this system averaged 1 acre and had less amounts of coarse
woody debris (3.5 tons per acre) than other woodlands.

Current Conditions

Fire exclusion and a history of grazing have favored closed canopy structures susceptible to
drought or insect induced mortality. This has resulted in a moderate departure from reference
conditions at the context and planning scales. Medium to large tree, open canopies have been
replaced with typical in-filling of the canopy gaps, increased density of small tree groups; which
reduce composition, density and vigor. Current conditions on the Tonto indicate a shift in canopy
cover toward the more closed canopy states with the medium/large closed state increasing from
the 10 percent found in reference conditions to 23 percent. At the context scale, the shift to
medium/large tree state with a closed canopy is more pronounced with 52 percent of the context
scale acreage in this medium/large closed state. Range improvements, fuelwood harvest, and fire
(prescribed fire and wildfire) have moved some acres on the national forest from the
medium/large closed state to the grass/forb/shrub and seedling/sapling and small tree open states.
The grass/forb/shrub state on the Tonto is how at 24 percent and the seedling/sapling small tree
state is at 19 percent. At the context scale, the grass/forb/shrub state remains at 5 percent and the
seedling/sapling small tree state is at 9 percent. The small closed state is at or near reference
conditions with the national forest currently at 13 percent and the context scale at 10 percent. At
the local zones, the Tonto Basin and Upper Salt are similar to the planning scale in the level and
type of departure, with moderate departures of 35 percent and 40 percent respectfully. The Lower
Verde and the Agua Fria zones are also showing moderate departures of 38 percent and 35
percent, but the type of departure is somewhat different. The Lower Verde and Agua Fria zones
have less in the medium/large closed state (18 percent and 17 percent), but more in the earlier
developmental states. The Lower Verde zone has 24 percent in the small closed state and 40
percent in the seedling/sapling and small tree state. The Agua Fria zone shows 17 percent in the
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grass/forb/shrub state and 39 percent in the seedling/sapling and small tree state. This can be
attributed to the 2004 Willow Fire in the Lower Verde zone and the 2005 Cave Creek Complex
Fire, both of which burned through this ecological response unit with mixed to stand-replacing
intensity.

Fire exclusion, range management activities, and grazing have all contributed to increases in
patch size averaging nearly 19 acres at the plan scale, which is highly departed from the small
patch sizes of 1 acre or less found in the reference condition. An increase in coarse woody debris,
a decrease in ground cover, and a reduction in the diversity of grass, forbs, and shrubs are a result
of the in-filling of the canopy gaps and increased density. These conditions are all very
interrelated to fire severity and function. Historically, these system burned under a frequent non-
lethal fire regime with a fire interval of 0-35 years. Now they are experiencing fire return
intervals of up to 215 years with 29 percent of these fires burning with mixed severity and 29
percent burning with stand-replacing intensity. Many of these sites have uncharacteristically high
shrub cover and insufficient ground vegetation to carry non-lethal surface fire. All these changes
combined have stressed this system and increased the potential for bark beetle activity above
what would have been expected in pre-settlement conditions and contribute to greater tree
mortality when outbreaks similar to the pinyon bark beetle outbreak of 2003 occur.

Future Trend

Vegetation Dynamics Development Tool models predict the amount of grass/forb/shrub state on
the plan scale to decrease to near reference condition levels by the year 67. The small closed state
and the seedling/sapling small tree open state will remain relatively constant with a slight
decrease in the seedling/sapling small tree open state. The medium/large open state and the
medium/large closed state are predicted to increase as tree diameter increase with the majority of
the increase occurring in the medium/large open state. The medium/large open state is predicted
to be near 36 percent by year 100, still well below the 50 percent found in the reference condition.
The medium/large closed state is expected to reach 34 percent, a condition that accounted for
only 10 percent in the reference condition.

Management has created and maintained a higher proportions of the Pinyon-Juniper Grass in the
grass/forb/shrub state. This has put this ecological response unit on a trajectory that in the future
will bring it closer to reference conditions with a predicted departure at 100 years of 27 percent
(flow). With continued fire suppression and livestock grazing the small closed state and some of
the medium/Ilarge open state will continue to move into the medium closed state as the in-filling
of the canopy gaps continues. Thirty-four percent of this ecological response unit will remain in a
denser state and continue to be increasingly susceptible to outbreaks of insects, pathogens, and
stand-replacing wildfire.
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Pinyon-Juniper Grass (PJG)
Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF*

Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?

State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 5 5 17 7 28 25 24 4
F Small (closed) 10 10 10 24 9 14 13 13
B,E,C Seedlings/Saplings and 25 9 39 40 17 14 19 13

Small Trees (open)
D Medium/Large (open) 50 25 15 12 23 21 21 36
G Medium/Large (closed) 10 52 18 17 22 26 23 13
Departure®: | 42 (M) 35 (M) 38 (M) 35 (M) 40 (M) 35 (M) 27 (L)

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section for more information.

3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 0.07 to 1 acres. Current patch size = 19 acres. Departure = high, much larger

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale

Forbs: broom snakeweed (Gutierrezia sarothrae) and slimflower scurfpea (Psoralidium tenuiflorum) have increased in abundance, while wooly
plantain (Plantago patagonica) has decreased in abundance.

Graminoids: Large decreases in hairy and curlymesquite grass (Bouteloua hirsuta and Hilaria belangeri), and slight increases in sideoats grama
(Bouteloua curtipendula).

Shrubs and trees: Overall there has been a shift in abundance from pointleaf manzanita (Arcostaphylos pungens) to catclaw mimosa (Mimosa
aculeaticarpa). Alligator juniper and single-leaf pinyon (Juniperus deppeana and Pinus monophylla) have increased at some locations, while one-
seed juniper has decreased at others.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Moderate (35%) Moderate (44%) Low (22%) Low (32%) Low (28)
Species present/potential Species 44/116 35/55 29/41 10/10

1. Forbs include all herbaceous flowering plants. 2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)

Reference = 36 percent

Current = 16 percent

Departure = Moderate (49)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 3.5 tons per acre. Snags greater than 8 inches = 5.0. Snags greater than 18 inches = 1.0
Current: Coarse woody debris = 14.6 tons per acre. Snags greater than 8 inches = 5.7. Snags greater than 18 inches = 0.9

Ecosystem Drivers and Stressors

Fire reference conditions: The fire regime for this ecological response unit is defined as having non-lethal (mostly surface fires) to mixed-severity
fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire
regime I).

Fire current conditions: Fire return interval = 215 years
Fire severity: Non-lethal = 42 percent. Mixed = 29 percent. Stand-replacing = 29 percent
Fire regime condition class: Class | = 0 percent. Class Il = 100 percent. Class 11 = 0 percent

Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed. A survey in 2003 showed an
unprecedented, severe outbreak of pinyon bark beetles.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

e High: yellow starthistle (Centaurea solstitialis)
e Moderate: Canada thistle (Cirsium arvense)
e Low: jointed goatgrass (Aegilops cylindrical)

Six acres of noxious weeds have been mapped in this ecological response unit.
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Figure 17. Pinyon-Juniper Grass ecological response unit
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Ponderosa Pine - Evergreen Oak (PPE)
Elevation: 5,500 — 7,200 feet

Table 35. Distribution (acres and percent) at the context, plan, and local scales for Ponderosa Pine -

Evergreen Oak

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
532,841 205,729 63 68,396 70,885 62,835 3,550
4% 7% 8.9% 11.4% 8.2% 0.8%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 36. Terrestrial ecosystem niche, Ponderosa Pine - Evergreen Oak

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

38.6%

0.26

High

Photo 10. Ponderosa Pine - Evergreen Oak

The Ponderosa Pine - Evergreen Oak ecological response unit occurs in the mild climate
gradients of central and southern Arizona and in southern New Mexico, particularly below the
Mogollon Rim, where warm summer seasons and bimodal (winter-summer) precipitation regimes
are characteristic. This type occurs at elevations ranging from 5,500 to 7,200 feet, on sites slightly
cooler-moister than the Madrean Pinyon-Oak ecological response unit, and with a much greater
plurality of ponderosa pine. This system is dominated by ponderosa pine (Pinus ponderosa var.
scopulorum) and can be distinguished from the Ponderosa Pine Forest ecological response unit by
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well-represented evergreen oaks (for example, Emory oak, Quercus emoryi), Arizona white oak
(Quercus arizonica), alligator juniper, and pinyon pine (for example, Pinus edulis). In some areas,
Ponderosa Pine - Evergreen Oak communities can alternatively be dominated or codominated by
Apache pine (Pinus englemannii) and Chihuahuan pine (P. leiophylla), both site potential
indicators. In terms of disturbance, the Ponderosa Pine - Evergreen Oak averaged greater fire
severity than the ponderosa pine forests above the Mogollon Rim, and greater patchiness with
less horizontal uniformity and more even-aged conditions. Understory shrubs include manzanita
(Arctostaphylos sp.), turbinella oak (Quercus turbinella), skunkbush sumac (Rhus trilobata), and
mountain mahogany (Cercocarpus montanus). Depending on site conditions, shrubs and
perennial grasses have varying importance in vegetation response to disturbance. Historically this
ecological response unit had over 10 percent tree canopy cover, with the exception of early, post-
fire plant communities.

The Ponderosa Pine - Evergreen Oak ecological response unit covers 205,729 acres on the Tonto
National Forest and 532,841 acres in the surrounding context area. Representation (distribution)
of this ecological response unit on the Tonto is 7 percent of the land area, slightly higher than the
context area representation of 4 percent. This high proportional representation on the national
forest means the sustainability of this system at the context scale is highly sensitive to conditions
on the planning scale. The Ponderosa - Evergreen Oak occurs to some extent in all five of the
local zones. The majority (98 percent) is fairly well distributed in the Lower Verde, Tonto Basin,
and Upper Salt zones. A small amount can be found in the Lower Salt zone (3,550 acres) with
only a minor amount (63 acres) located in the Agua Fria zone.

Reference Conditions

Currently Ponderosa Pine - Evergreen Oak can be split into two provisional subclasses that
describe historical structure of this system: Ponderosa Pine - Evergreen Oak, Perennial Grass
subclass and Ponderosa Pine - Evergreen Oak, Evergreen Shrub subclass.

The Perennial Grass subclass is distinguished from the Evergreen Shrub subclass by a more
continuous layer of perennial grasses in the understory and a relatively minor shrub component.
These circumstances may be less evident in the current condition depending on the degree of
shrub encroachment. Trees occur as individuals or in smaller groups and range from young to old
but were historically more uneven-aged in structure. The understory is dominated by low to
moderate density shrubs, with herbaceous plants in the interspaces. Common grass species
include Arizona fescue (Festuca arizonica), a variety of muhleys (for example, Muhlenbergia
longiligula, M. dubia, M. straminea, and M. montanum). Fire frequency varied but averaged
higher with less severity. These disturbance patterns create and maintain the uneven-aged
(grouped), low- to moderately-closed canopy nature of this type. Site potential and disturbance
history also maintained oak, juniper, and pinyon as subdominant tree components, with
herbaceous plants in the interspaces.

The Evergreen Shrub subclass differs from the former subclass by site potential, typically
favoring high shrub cover, and by higher fire severity and more even-aged conditions
characteristic of mixed-severity fire regimes. This type is found on well-drained soils, frequently
with coarse-textured or gravelly (stony) soil characteristics that favor shrub layer development
(particularly oaks) over herbaceous plants. Trees occur as individuals or in small groups and
patches and range from young to old, but typically groups or patches are even-aged in structure.
The understory is dominated by moderate- to high-density shrubs, with limited grass cover.
Typical disturbances (fire, insects, and disease) worked collectively to favor mixed-severity
conditions (fire regime 111, where sufficient tree canopy provides needle-cast to facilitate fire
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spread). Some high-density evergreen shrub patches exhibit infrequent, high severity fire (fire
regime 1V, stand replacement at 35-200 years). Areas where this pattern was persistent are likely
to be mapped as Interior Chaparral ecological response unit. More typical disturbance patterns
created and maintained the even-aged tree groups, with a moderate to moderately-closed canopy.

The Ponderosa Pine - Evergreen Oak ecological response unit supported a range of fire regimes.
In systems supporting a predominantly grass understory, fire regime group | historically burned
frequently with low intensity fire. In systems supporting a more robust shrub component, the fire
regime group Il historically burned with mixed severity. These fires maintained this ecological
response unit in a predominantly open state with 60 percent in the medium/large open state and
24 percent in the small open state. The range in fire regimes also resulted in a range of patch
sizes, with mixed-severity fires creating larger patch sizes while the frequent non-lethal fire areas
contained smaller patch sizes. Reference condition patch sizes ranged from 0.2 acres to 50 acres
in size depending on the intensity of fire that occurred with higher intensity fires creating the
larger patches. Frequent fires also prevented the buildup of coarse woody debris, maintaining an
average of 3.8 tons per acre, and prevented the brushy understories and the juniper and oaks from
becoming well established.

Current Conditions

Due to the effects of long-term fire suppression and grazing in this type, in many locations the
current condition is highly departed from historic conditions. Typically these changes include in-
filling of the canopy gaps, increased density of tree groups; and reduced composition, density and
vigor of the herbaceous understory plants. Other significant changes resultant from fire exclusion
are increased homogeneity of the shrub structural stages on the landscape, facilitating larger patch
sizes of high-severity fire effects. Currently, many of these sites are closed-canopy forests,
capable of supporting crown fires.

Current conditions on the Tonto and the context scale show a distinct shift toward the
medium/large closed canopy state class with deficiencies in the medium/large and small open
canopy state classes. The medium/large closed state has increased to 64 percent on the national
forest and 55 percent at the context scale. The open medium/large state has decreased to 8 percent
on the Tonto and 12 percent at the context scale, much lower than the 60 percent in the
medium/large open state that would be expected in the reference condition. Without fire to thin
the smaller trees, the small closed state has increased to 13 percent on the national forest and 19
percent at the context scale, while the small open state has decreased to 7 percent on the Tonto
and 6 percent at the context scale. The seedling/sapling state class is also underrepresented,
occupying only 1 percent of the ecological response unit acreage on the Tonto, and the
seedling/sapling state class is virtually nonexistent at the context scale. The Lower Verde, Tonto
Basin, and Upper Salt zones all have similar high departure ratings. These three zones show very
similar conditions to the plan and context scale departure, with an increases in the medium/large
and small closed states and a corresponding decrease in the medium/large and small open states.
The Lower Salt zone shows a slightly lower departure rating of moderate, due to lower amounts
of the seral state proportion in the medium/large closed state (28 percent) and a slightly larger
percentage than the other zones in the small open state (17 percent). The grass/forb/shrub state
within this zone also accounts for 23 percent of the ecological response unit and can be attributed
to several fires that have occurred within this zone. The 1970 Solder Fire, 1996 Lone Fire, 2000
Peak Fire, and the 2005 Four Fire all burned through the Ponderosa Pine - Evergreen Oak in this
zone.
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Fuel continuity has increased dramatically in Ponderosa Pine - Evergreen Oak, as open spaces fill
in horizontally and vertically, resulting in higher burn severities from wildfire. Twenty-seven
percent of the Ponderosa Pine - Evergreen Oak on the Tonto has burned with mixed severity,
while 16 percent has burned with high severity. Current mean fire return interval is now at 115
years compared to 0-35 years that was common in reference conditions.

Fire exclusion, historic grazing, and past selective logging practices have resulted in a lack of
open canopy, larger patch sizes, less groundcover, increased coarse woody debris, and
understories that are now dominated by moderate- to high-density shrubs, with limited grass
cover. Patch size has increased from reference conditions of 0.2 to 50 acres to a mean of 150
acres, and there has been a general loss of grass and forbs accompanied by a loss of plant
diversity. This loss of diverse ground vegetation also effects the ability to re-introduce surface fire
following mechanical treatments or as a prescribed fire, because there is not enough fuel (grass
and forb cover) to carry low-intensity ground fire. While coarse woody debris and snags are well
distributed through the ecological response unit and provides adequate resources for wildlife
benefits, coarse woody debris has built up to levels in the mid to late seral stages (37.1 tons per
acre) that are high enough to increase the risk of soil loss (from heating) following a wildfire.
Some tree species (juniper and oak) and understory shrubs (manzanita and turbinella oak) that
were historically held in check due to frequent fire have now become well established, adding to
the current fuel ladder and fuel loading.

Future Trend

Vegetation Dynamics Development Tool modeling predicts a gradual decrease in the closed states
and a corresponding increase in the open states under current management. The small closed state
is predicted to decrease form 13 percent to 6 percent, and the medium/large closed state is
predicted to decrease from 64 percent to 24 percent. The small open state is predicted to increase
to 11 percent, and the medium/large open states is predicted to increase to 34 percent. Even with
the predicted improvement, this ecological response unit will remain moderately departed after
100 years under current management.

Current management is beginning to move the state class distributions toward the reference
conditions. As stands are treated either mechanically or by prescribed fire, stands are opened up
and patch size is reduced. Brush species and oak and juniper sprouts are kept at manageable
levels freeing up space for increased grass and forb production. Coarse woody debris and snags
are maintained within historic conditions reducing the risk of uncharacteristic wildfire. Until
closed stands are treated, they remain at risk to wildfire. Increasing the pace of treatments can
reduce time required to achieve more resilient and resistant conditions.
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Ponderosa Pine - Evergreen Oak (PPE)

Overstory Structure and Composition

Seral State Proportion

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section for more information.
3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure

calculation.

Current and Projected Conditions on the Tonto NF*

Context | 1: Agua | 2: Lower 3: Tonto 4: Upper 5: Lower Projection?

State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A Grass/Forb/Shrub 4 8 6 9 4 23 7 6
B Small (closed) 3 19 12 11 15 17 13 6
C Small (open) 24 6 11 5 17 11
D Medium/Large (open) 60 12 9 8 12 34
E Medium/Large (closed) 4 55 61 64 70 28 64 24
F Seedlings/Saplings 5 0 1 2 2 3 1 18

Departure®: | 71 (H) 39 (M)

Average Patch Size (acres at plan scale): Reference patch size = 0.2 to 50 acres. Current patch size = 150 acres. Departure = high, much larger.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Large decreases in common yarrow (Achillea millefolium) and slight increase in native buckwheat (Eriogonum spp.).
Graminoids: Weeping lovegrass (Eragrostis curvula) has increased, while long-tongue muhly (Muhlenbergia longiligula) has decreased.

Shrubs and trees: Many shrubs have increased in abundance such as pointleaf manzanita (Arcostaphylos pungens) and broom snakeweed
(Guiterrezia sarothrae), while many trees have decreased in abundance such as alligator juniper (Juniperus deppeana) and ponderosa pine (Pinus

ponderosa).
Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (30%) Moderate (41%) | Moderate (34%) | Moderate (56%) Low (32)
Species present/potential Species 21/97 21/37 27137 10/13

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 97 percent

Current = 60 percent

Departure = Low (31)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 3.8 tons per acre. Snags greater than 8 inches = 6.0. Snags greater than 18 inches = 1.0
Current: Coarse woody debris = 37.1 tons per acre. Snags greater than 8 inches = 8.7. Snags greater than 18 inches = 1.6

Ecosystem Drivers and Stressors

Fire reference conditions: This ecological response unit typically had non-lethal (mostly surface fires) to mixed-severity fires where less than 75
percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire regime I). However some
areas did experience mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or
return intervals of 35 to 100+ years (fire regime I11).

Fire current conditions: Fire return interval = 115 years
Fire severity: Non-lethal = 57 percent. Mixed = 27 percent. Stand replacing = 16 percent
Fire regime condition class: Class | = 0 percent. Class Il = 54 percent. Class 11l = 46 percent

Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed. Highly stressed stands led to
unprecedented, severe outbreaks of bark beetles (occurred in the 2000s).

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

e Moderate: yellow starthistle (Centaurea solstitialis)
o Low: bull thistle (Cirsium vulgare), jointed goatgrass (Aegilops cylindrical), Scotch thistle (Onopordum acanthium)

Six acres of noxious weeds have been mapped in this ecological response unit.
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Figure 18. Ponderosa Pine - Evergreen Oak ecological response unit
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Ponderosa Pine Forest (PPF)

Elevation: 5,500 — 7,600 feet

Table 37. Distribution (acres and percent) at the context, plan, and local scales for Ponderosa Pine

Forest
1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
2,137,070 37,878 13,966 23,912
18% 1% 2.3% 3.1%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 38. Terrestrial ecosystem niche, Ponderosa Pine Forest

Tonto National Forest
Contribution to Context

Proportional
Representation

Tonto NF Influence on Sustainability at the
Landscape Level (Context Scale)

1.8%

-0.86

Low

Photo 11. Ponderos

a Pine Forest

The Ponderosa Pine Forest ecosystem is widespread in the Southwest occurring at elevations
ranging from 6,000 to 7,500 feet on igneous, metamorphic, and sedimentary parent soils with
good aeration and drainage, and across elevation and moisture gradients. The dominant species in
this system is ponderosa pine. Other trees, such as Gambel oak, pinyon pine, one-seed juniper,
and Rocky Mountain juniper, may be present. There is typically a shrubby understory mixed with
grasses and forbs, although this type sometimes occurs as savannah with extensive grasslands
interspersed between widely spaced clumps or individual trees. This system is adapted to drought
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during the growing season and has evolved several mechanisms to tolerate frequent, low-intensity
surface fires. A historical fire regime of frequent, low-severity surface fires is widely documented,
but there is growing evidence of limited scale areas of historical mixed-severity and high-severity
fires, especially for steep slopes in areas of heterogeneous topography (Williams and Baker 2012;
Swetnam et al. 2001; Iniguez et al. 2009).

The Ponderosa Pine Forest ecological response unit covers 37,878 acres on the Tonto National
Forest and 2,137,070 acres in the surrounding context area. Representation (distribution) of this
ecological response unit on the Tonto is 1 percent of the land area, much lower than the
representation on the context area of 18 percent. It is typically bounded down slope by the
Ponderosa Pine - Evergreen Oak ecological response unit and upslope by Mixed Conifer Frequent
Fire ecological response unit. The Ponderosa Pine Forest occurs in both the Tonto Basin zone and
the Upper Salt zone along the northeastern boarder of the national forest. Most of acres are
located in the Upper Salt zone (23,912 acres) with the remaining 13,966 acres in the Tonto Basin
zone. With such a low proportional representation on the Tonto, the opportunity for the Tonto
National Forest to influence context scale conditions for this ecological response unit is low.

Reference Conditions

Historical structure of southwestern ponderosa pine forest is characterized by multi-storied, open-
canopy stands of medium to large trees with a well-developed, often grass-dominated understory
(Covington and Sackett 1986). Overstory cover ranged from roughly 17 to 22 percent (White
1985; Covington and Sackett 1986; Covington et al. 1997). Climate had and still has a significant
influence both directly and indirectly in shaping ponderosa pine landscapes. Site moisture
availability directly effects tree recruitment. Indirectly, climate drives succession through
influences on disturbances such as fire and insects. Successional patterns are also influenced by
site elevation, proximity to seed sources, and pre-fire stand composition (Savage and Mast 2005),
especially where sprouting species were present. Findings show broad pulses of recruitment
separated by periods of less regeneration (Mast and Veblen 1999) where persistence of open
grassy patches contrasts with canopy gap dynamics in which gaps would continuously form and
close in different locations over decadal time spans.

Moreover, the open structure of historical stands of multi-storied medium to large trees resulted in
a generally warm, dry microenvironment on the forest floor that kept fuel moisture very low,
facilitating the ignition and spread of surface fires (Harrington and Sackett 1992). The historic
average fire return interval was 4-30 years from low-severity fire (Swetnam and Dietrich 1985;
O’Connor et al. 2014; Baisan and Swetnam 1990). Ponderosa pine is well-adapted to fire, with
deep roots, fire resistant bark, self-pruned lower branches, branches and cones distant from the
ground, open arrangement of branches and needles unfavorable to spread of fire, needles with
high moisture content, thick bud scales, and longevity of seed production (Covington 2003).
These enable trees to survive and regenerate in the presence of frequent surface fires. Frequent
fires reflect the typical dry climate of the Southwest in that the annual inputs of organic matter
(coarse woody debris, litter, and duff) accumulate because of slow decomposition rates, and these
fuels are often sufficiently dry to carry fire. Historical coarse woody debris loadings averaged 9.0
tons per acre.

Years with abundant surface fire are correlated with drought, especially when preceded by 1 to 3
years of high precipitation during which herbaceous fine fuels increased (Swetham and Baisan
1996; Touchan et al. 1996; Allen 2007; Allen et al. 2008; Margolis and Balmat 2009) and
represented roughly 13 percent of groundcover. However, regeneration pulses also can be
associated with fire and drought, which can be associated with overstory mortality and release of
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resources. Tree groups can vary greatly in size but in the Southwest, are generally 0.02 to 1.07
acres, with some as large as 2 acres (White 1985; Kaufmann et al. 2007).

Bark beetles are important disturbance agents in Ponderosa Pine Forest. Bark beetles affect stand
structure and possibly were important historically in maintaining low tree densities, especially
following surface fire and drought (Allen 1989). Bark beetles typically attack scattered, small
clusters of trees, but larger outbreaks also occur. Another biotic disturbance agent is ponderosa
pine dwarf mistletoe, a parasite plant that infects approximately one-third of the area of
Ponderosa Pine Forest in Arizona and New Mexico (Andrews and Daniels 1960).

Current Conditions

Fire management throughout most of the twentieth century focused on preventing and
suppressing fires. This continued the exclusion of surface fires that was initiated by livestock
grazing. Just as southwestern Ponderosa Pine Forest was profoundly shaped by fire (Romme et al.
2009), it has also profoundly been altered by the exclusion of fire. Without frequent fires,
southwestern Ponderosa Pine Forest increased in tree density, fuel loadings, and horizontal and
vertical fuel continuities across landscapes, which has led to increased frequency and size of
crown fires (Fulé et al. 2004; Romme et al. 2009). Shifts in climate could be related to this
change in fire behavior, but increased fuel (for example, stand density and coarse woody debris)
and canopy cover (for example, less patchiness, increased horizontal continuity) are the principal
causes, based on observations of lower fire severity in sites less changed by fire exclusion
(Stephens and Fulé 2005). Other factors, such as livestock grazing, wildlife population dynamics,
tree cutting, and climate fluctuations, likely also intensified the problem by reducing vegetative
ground cover that once carried frequent low-severity fire through Ponderosa Pine Forest stands.
Fire management practices began to shift focus in the late 20" century to include the use of
naturally ignited wildfires and prescribed fires to achieve resource management objectives. This
has successfully changed fire behavior in these areas by reducing fuel loads and fuel continuity
both vertically (ladder fuels) and horizontally (ability for fire to move from tree crown to crown).
However, the area affected by prescribed fires has been small and tree densities, fuel loadings,
and fuel continuity continue to result in landscape-scale crown fires in many areas.

When density changes are examined by diameter class, it is clear that diameter distributions have
changed, with increases in smaller classes (23 percent increase) (Covington et al. 1997; Fulé et al.
1997, 2002) and in some cases decreases in larger classes. The overall increases in density (60
percent in closed states) and greater homogenization of diameter classes among stands have
decreased structural diversity of stands and landscapes (Allen et al. 2002). With the increased
density of small trees, tree growth rates decline in all diameter classes, with increased shade and
root competition and decreased moisture and nutrients because of thicker litter (Harrington and
Sackett 1990). It appears that reduced vigor is especially damaging to older, larger trees. Elevated
mortality rates have been related to older trees being more susceptible to pathogens, drought, and
injury because of increased stress through increased competition (Kaufmann and Covington
2001). Impediments to recovery of sustainable Ponderosa Pine Forest include competition with
sprouting species such as juniper, oaks, New Mexico locust, and grasses, long distance to seed
sources of ponderosa pine, and modern climate change toward higher temperatures and drier
conditions (Fulé et al. 2012).

Ponderosa Pine Forest is one of the most departed ecological response unit at both the plan and
context scales. Seral state distribution is severely departed in both the Tonto Basin and Upper Salt
zones. Fire suppression, historic grazing, and logging have resulted in a lack of open canopy, lack
of large tree dominated stands, larger patch sizes, less groundcover, increased coarse woody
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debris, and fewer large snags greater than 18 inches in diameter at breast height. Current
conditions on the Tonto show a large proportion of this ecological response unit has shifted to the
medium/large closed states (61 percent), with a smaller proportion now in the small closed state
(21 percent). The context scale shows a similar shift away from the multiple-aged, open structures
toward the medium/large closed states, with 63 percent of the acreage currently in this closed
condition. Only 11 percent of this ecological response unit on the planning scale is currently in
the large, open, multi-storied state indicative of the reference conditions. Much of what remains
are even-aged, relatively young stands that did not exist in the reference condition. The
combination of unmanaged livestock grazing and fire suppression has drastically reduced the
ability of fire to thin dense regrowth (Romme et al. 2009: p. 80).

Fuel continuity has increased in Ponderosa Pine Forest, as open spaces fill in horizontally and
vertically, resulting in higher burn severities from wildfire. Twenty-one percent of the Ponderosa
Pine Forest on the Tonto has burned with mixed severity, while 16 percent has burned with high
severity. Current mean fire return interval is now 84 years as compared to 4 to 30 years in
reference conditions. Forests often follow uncharacteristic trajectories after stand-replacing fire,
transitioning to dense ponderosa pine that is vulnerable to another fire or to non-forested
grass/shrub vegetation states (Savage and Mast 2005).

Future Trend

Vegetation Dynamics Development Tool modeling predicts a small decrease in the proportion of
the small, closed, even-aged state and the medium, closed, even-aged states over the next 100
years under current management. The closed canopy, multi-storied, medium/large states are
predicted to decrease to 50 percent with a shift from the medium to the larger size class. The
medium/large open, multi-storied states are predicted to increase slightly from the current 11
percent to 21 percent.

Models indicate that current management is beginning to move this ecological response unit
toward the reference condition; however, predictions also indicate that after 100 years, 73 percent
will remain in a closed-canopy state (seedlings/saplings, small closed, medium/large closed).
With closed canopies comes increased patch sizes and reduced grass and forb production. Dense
stands lead to increased tree mortality and increased accumulation of coarse woody debris. The
combination of dense, closed-canopy stands with large patch sizes and high accumulations of
coarse woody debris increases the threat of uncharacteristic wildfire. These uncharacteristic
wildfires have the potential to significantly alter stand structure or result in type conversion to
grass, shrub, or other uncharacteristic systems. Historically frequent, low-severity fires
maintained and regulated structure and composition of this ecological response unit (Reynolds et
al. 2013).
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Ponderosa Pine Forest (PPF)

Overstory Structure and Composition

Seral State Proportion

Current and Projected Conditions on the Tonto NF*
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A, N Grass/Forb/Shrub 0 2 0 1 1 2
C Small (open) 0 4 2 6 4 4
D, J, E, K | Medium/Large (open, 100 14 7 14 11 21
multi-storied)
B, F Seedlings/Saplings 0 2 1 2 2 9
G Small (closed) 0 15 16 24 21 14
H, L, I, M | Medium/Large (closed) 0 63 74 54 61 50

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section for more information.

3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure
calculation.

Average Patch Size (acres at plan scale): Reference patch size = 0.2 to 0.5 acres. Current patch size = 363 acres. Departure = high.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale

Forbs: Native buckwheat (Eriogonum spp.) has decreased in abundance, while shrubby deervetch (Lotus rigidus) has increased in abundance.
Graminoids: Blue grama and hairy grama grasses (Bouteloua gracilis and Bouteloua curtipendula) have increased in abundance.

Shrubs and trees: Overall, pointleaf manzanita (Arcostaphylos pungens), alligator juniper (Juniperus deppeana), Emory oak (Quercus emoryi), and
desert ceanothus have increased in abundance, while Wright’s silktassel (Garrya wrightii) has decreased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Moderate (35%) Moderate (65%) | Moderate (41%) High (90%) Moderate (62)
Species present/potential Species 1/3 3/9 1/1 5/5

1. Forbs include all herbaceous flowering plants.
2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 119 percent

Current = 71 percent

Departure = Moderate (37)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags
Reference: Coarse woody debris = 9.0 tons per acre. Snags greater than 8 inches = 1.1. Snags greater than 18 inches = 0.8
Current: Coarse woody debris = 44.5 tons per acre. Snags greater than 8 inches = 7.8. Snags greater than 18 inches = 0.8

Ecosystem Drivers and Stressors

Fire reference conditions: The fire regime for this ecological response unit is defined as having non-lethal (mostly surface fires) to mixed-severity
fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire
regime I).

Fire current conditions: Fire return interval = 84 years
Fire severity: Non-lethal: 63 percent. Mixed: 21 percent. Stand-replacing: 16 percent
Fire regime condition class: Class | = 0 percent. Class Il = 49 percent. Class Il = 51 percent

Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed, including an unprecedented, severe
outbreak of bark beetles in the 2000s. The recovering areas are at risk for future effects that are not yet quantified.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

e Moderate: yellow starthistle (Centaurea solstitialis)
o Low: bull thistle (Cirsium vulgare), jointed goatgrass (Aegilops cylindrical), Scotch thistle (Onopordum acanthium)

Twenty-eight acres of noxious weeds have been mapped in this ecological response unit.
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Mixed Conifer - Frequent Fire (MCD)
Elevation: 6,100 — 10,000 feet

Table 39. Distribution (acres and percent) at the context, plan, and local scales for Mixed Conifer -
Frequent Fire

1 Agua 2 Lower 4 Upper
Context Tonto NF Fria Verde 3 Tonto Basin Salt 5 Lower Salt
423,765 58,829 24,090 32,101 2,639
3% 2% 3.1% 5.2% 0.3%

The terrestrial ecosystem spatial niche analysis assesses the Tonto National Forest’s opportunity
to influence the context landscape. The Tonto National Forest contribution to the context is the
percent of the ecological response unit at the landscape level that intersects the plan area (forest).
Proportional representation can range from negative one (low; more common at the context scale)
to positive one (high; more common at the plan scale). See the “Terrestrial Ecosystem Spatial
Niche” section for complete analysis.

Table 40. Terrestrial ecosystem niche, Mixed Conifer - Frequent Fire

Tonto National Forest Proportional Tonto NF Influence on Sustainability at the
Contribution to Context Representation Landscape Level (Context Scale)
13.9% -0.24 Low

i

Photo 12. Mixed Conifer - Frequent Fire

Also sometimes referred to as Dry Mixed Conifer, the Mixed Conifer - Frequent Fire ecological
response unit spans a variety of semi-mesic environments in the Rocky Mountain and Madrean
Provinces. In the southwestern United States, mixed conifer forests may be found at elevations
between 6,000 and 10,000 feet, situated between ponderosa pine, pine-oak, or pinyon-juniper
woodlands below and spruce-fir forests above. This ecological response unit typically occupies
the warmer and drier sites of the mixed conifer life zone. Typically these types were dominated
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by ponderosa pine (Pinus ponderosa var. scopulorum) in an open forest structure (less than 30
percent tree cover), with minor occurrence of aspen (Populus tremuloides), Douglas-fir
(Pseudotsuga menziesii), white fir (Abies concolor), and southwestern white pine (Pinus
strobiformis). Aspen can occur within dissimilar inclusions and not as a seral stage in the Mixed
Conifer - Frequent Fire ecological response unit. More shade tolerant conifers, such as Douglas-
fir, white fir, and blue spruce (Picea pungens), tend to increase in cover in late succession,
contrary to conditions under the characteristic fire regime. These species could have achieved
dominance in localized settings where aspect, soils, and other factors limited the spread of surface
fire.

The Mixed Conifer - Frequent Fire ecological response unit covers 58,829 acres on the Tonto and
423,765 acres in the surrounding context area. Representation (distribution) of this ecological
response unit on the Tonto National Forest (3 percent) is similar to the context area (3 percent).
On the Tonto, this ecological response unit is typically located at higher elevations along the rim,
in canyons and on northern aspects where there is sufficient moisture and cooler conditions. At
the local scale, most acres are located in the Tonto Basin zone and Lower Verde zone, with lesser
amounts in the Upper Salt zone.

Reference Conditions

Fires generally burned as surface fires across these landscapes. In dry years, fires occasionally
crowned in areas of concentrated fuels and those with vertically continuous fuels, such as at
higher elevations and in mesic, dense sites on north and east aspects. The limiting factor for
surface fire was generally moisture, not fuel (Allen et al. 1995; Swetnam and Baisan 1996;
Touchan et al. 1996; Fulé et al. 2009; Margolis and Balmat 2009). Historical crown fires in Mixed
Conifer - Frequent Fire, were rare (Romme et al. 2009b) and can usually be identified by post-fire
cohorts of early-successional trees, such as even-aged stands of quaking aspen. Typical Mixed
Conifer - Frequent Fire stands were open with the majority of trees (60 percent) in the medium
diameter size class (10 to 19.9 inches) and only 5 percent of this vegetation type in a late seral,
closed canopy with large diameter trees (greater than 20 inches) state.

The more common historical mean fire intervals of high-frequency surface fires are similar to that
of Ponderosa Pine Forest and likely resulted from the spread of fires from low to higher elevation
and the proximity of the two forest types (Allen et al. 1995). Frequent surface fires every 5 to 21
years from low-severity surface fire and infrequent mixed-severity fire (Baisan and Swetnam
1990; Touchan et al. 1995; Heinlein et al. 2005) kept forest structure open, thinning cohorts of
tree seedlings and saplings but increasing growth of survivors. Frequent fires kept fuel loads
relatively constant spatially and temporally (Touchan et al. 1996; Morgan et al. 2001; Margolis
and Balmat 2009) and encouraged understory herb cover. The frequent return of fire in these
systems would limit the accumulation of coarse woody debris to levels around 15 tons per acre.
Different lengths of fire-free intervals affected tree regeneration. Low-severity, frequent fires
favor ponderosa pine and Douglas-fir species, as they develop fire resistant bark at a relatively
young age and have other adaptations (for example, self-pruning) to this type of fire regime.

Current Conditions

It is widely accepted that, throughout the southwestern U.S., fire exclusion and past management
activities including selective logging and intensive grazing in frequent fire mixed conifer forests
have contributed to higher stand densities and altered species composition from mature, large
ponderosa pine and Douglas-fir trees shifting toward more shade-tolerant, less fire-resistant
species (Moore et al. 2004; Romme et al. 2009) such as white fir and Douglas-fir (Reynolds et al.
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2013). Without fire, shade-tolerant, less fire-resistant species are able to establish and mature
more easily. White fir and Douglas-fir have in-filled and become more common as dominant
species, increasing stand density and species homogeneity (Reynolds et al. 2013). Patch size
increased as large overstory trees were harvested and mixed-severity fires no longer maintained
heterogeneity (Reynolds et al. 2013).

The current condition on the Tonto demonstrate this shift away from the medium/large open states
toward the more closed states. Thirteen percent of this ecological response unit has moved into a
medium/large, open canopy, single-storied or two-storied condition that was not common in the
reference condition. Medium/large and small closed states have also increased relative to
reference conditions. The medium/large closed state has increased from 5 percent to 22 percent,
and small closed state has also increased from 5 percent to 22 percent. The proportions in the
medium/large, open-canopy, multi-storied state has decreased to only 4 percent from the 60
percent found in the reference conditions. The Tonto Basin zone show the largest departure with a
departure rating of high (75 percent) with 48 percent of the seral state proportion in this zone in a
medium/large, closed canopy state. The Lower Verde and Upper Salt zones are moderately
departed with departure ratings of 54 percent and 42 percent, respectively. The Lower Verde and
Upper Salt show less of a shift toward the closed states and more of a shift to the small and early
developmental states due to the occurrence of larger uncharacteristic fires in these zones. Most
notable are the 1990 Dude, 2002 Packrat, 2004 Webber, 2006 February and 2009 Rim fires in the
Lower Verde zone and the Rodeo Chediski of 2002 in the Upper Salt zone. All these fires burned
with mixed to stand-replacing intensity in the Mixed Conifer - Frequent Fire vegetation type
along the face of the Mogollon Rim.

Both fire exclusion, resulting in current homogenous stands, and past management activities led
to increases in patch size averaging nearly 59 acres at the plan scale. Large increases in the
number of smaller diameter (less than8 inches in diameter at breast height) snags, an increase in
coarse woody debris, and a decrease in ground cover are also likely a result of these conditions as
the number of snags, amount of coarse woody debris, amount of ground cover and fire severity
are all very interrelated. These changes have also probably increased the potential for bark beetle
activity above what would have been expected in pre-settlement conditions and contribute to
greater tree mortality when outbreaks do develop.

Future Trend

Vegetation Dynamics Development Tool modeling at the planning scale predicts the shift to the
closed canopy states to continue. Early development states, mainly the closed canopy
seedling/sapling state F, are predicted to increase to 31 percent by year 100. The medium to large
closed states are predicted to increase to 41 percent. With little fire, the medium to large open
states, which would have made up 60 percent of the reference landscape, never surpass 7 percent.
All open states together never make up more than 14 percent, and trees stay younger than
reference on average.

Continued lack of frequent, low-intensity fire allows horizontal and vertical infill by understory
trees, especially fire sensitive, shade-tolerant species that were historically suppressed. As the
canopies close and densities increase, patch sizes will continue to increase and the amount of
grass and forb production continues decreases. The number of snags and the amounts of coarse
woody debris will also continue to increases to levels well above historical levels as between tree
competition increases mortality rates. These more contiguous, dense stands are unlikely to persist
as modeled since it raises the risk of widespread mortality from fire, insects, and disease.
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Mixed Conifer - Frequent Fire (MCD)
Overstory Structure and Composition

Seral State Proportion

1. Dashed lines indicate ecological response unit is not sufficiently distributed at scale for analysis.
2. Seral state proportions and departure tend to level off at 100 years (analyzed at the plan scale). See “Seral State Proportion” section for more information.
3. Departure: L = low, (0 to 33 percent); M = moderate, (34 to 66 percent); and H = high, (67 to 100 percent). See “Seral State Proportion” section for explanation on departure

calculation.

Current and Projected Conditions on the Tonto NF*
Context | 1: Agua | 2: Lower 3: Tonto 4: Upper | 5: Lower Projection?
State Description Reference Scale Fria Verde Basin Salt Salt Plan Scale | (100 years)
A, B, F, N | Early development, all 20 9 23 8 27 15 31
structures
G Small, closed 5 11 12 30 9 22 14
C Small, open 10 19 13 12
J, K Medium/Large, open 60 6 18 4
H,Il,L,M | Medium/Large, closed 11 21 48 7 22 41
D, E Historically rare, 9 19 7 25 13 6
Medium /Large, open
1-2 storied canopy
Departure’. |G — sav) [ 42 (M) 62 (M) 62 (M)

Average Patch Size (acres at plan scale): Reference patch size: 0.2 to 50 acres. Current patch size = 59 acres. Departure = low, slightly larger.

Understory Structure and Composition

Percent Similarity to Site Potential by Lifeform at Plan Scale
Forbs: Common yarrow and mullein (Achillea millefolium and Verbascum thapsus) have decreased in abundance.
Graminoids: Muttongrass and long-tongue muhly (Poa fendleriana and Muhlenbergia longiligula) have increased in some areas.

Shrubs and trees: Fendler’s ceanothus (Ceanothus fendleri) has increased in abundance, while ponderosa pine (Pinus ponderosa) and Douglas-fir
(Pseudotsuga menziesii) have decreased in abundance.

Lifeform Forbs? Graminoids? Shrubs Trees All lifeforms (overall)
Similarity to site potential (plan scale) Low (33%) Low (24%) Moderate (34%) High (76%) Moderate (37)
Species present/potential Species 2/3 1/3 3/3 717

1. Forbs include all herbaceous flowering plants. 2. Graminoids include all grasses, sedges, and rushes.
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Vegetative Groundcover (plan scale)
Reference = 132 percent

Current = 68 percent

Departure = High (80)

Plant basal area and litter estimates are combined resulting in single averages that can exceed 100 percent. Departure is based on a nominal
ranking system (0 to 33 percent, low; 34 to 66 percent, moderate; 67 to 100 percent, high) and area-weighted by ecological response unit. See
“Vegetative Groundcover” section (page 29) for further information.

Key Habitat and Forest Health Components

Coarse Woody Debris and Snags

Reference: Coarse woody debris = 15.2 tons per acre. Snags greater than 8 inches = 9.0. Snags greater than 18 inches = 4.0
Current: Coarse woody debris = 44.8 tons per acre. Snags greater than 8 inches = 19.5. Snags greater than 18 inches = 3.9

Ecosystem Drivers and Stressors
Fire reference conditions: This ecological response unit typically had non-lethal (mostly surface fires) to mixed-severity fires where less than 75
percent of the dominant overstory vegetation is replaced with fire frequencies or return intervals of 0 to 35 years (fire regime I). However some
areas did experience mixed-severity fires where less than 75 percent of the dominant overstory vegetation is replaced with fire frequencies or
return intervals of 35 to 100+ years (fire regime I11).
Fire current conditions: Fire return interval = 115 years

Fire severity: Non-lethal = 50 percent. Mixed: 26 percent. Stand replacing = 24 percent

Fire regime condition class: Class | = 23 percent. Class Il = 29 percent. Class 111 = 48 percent
Insect and disease: This system is highly susceptible to effects of insects and pathogens when stressed, including introduction of exotic pathogens.

Shifts in community structure due to management practices and climate change could imply increasing risk for other forms of insect and pathogen
activities.

Invasive plant species risk status (Arizona Wildlands Invasive Plant Working Group) to ecosystems

e Moderate: yellow starthistle (Centaurea solstitialis)
o Low: bull thistle (Cirsium vulgare), jointed goatgrass (Aegilops cylindrical), Scotch thistle (Onopordum acanthium)

No acres of noxious weeds have been mapped in this ecological response unit.

Tonto National Forest Final Assessment Report — 129



Volume | — Chapter 3. Terrestrial Ecosystems

.Prescott

-

¥
Lower *
— _Verde ~
sk

i FE s

{
£

4

{

1

1

1
h
phﬂenixScottsdale L Lower \3

“Casa Grande

Tucson

USDA
USDA

Pnl_ngemlle

Gila River

Ecological Response Units

ERU

Mixed Conifer - Frequent
L Fire (MCD)

Other Forest

Ecological Subsection/
Context Area

[ JLocal Scale

Plan Scale

N

0 10 20 40Mi|esw_¢E

Figure 20. Mixed Conifer - Frequent Fire ecological response unit

Tonto National Forest Final Assessment Report — 130



Volume | — Chapter 3. Terrestrial Ecosystems

Summary of Conditions, Trends, and Risks

The exclusion of wildfire is probably one of the biggest alterations to Southwest landscapes. The
removal of wildfire from these ecosystem has led to the degradation, both direct and indirectly, of
many of the key ecosystem characteristics. Eighty percent of the vegetation types on the Tonto
National Forest evolved with fire as an important ecological process.

Fifty-one percent of the vegetation types experienced fire frequencies of 0 to 35 years: Semi-
Desert Grassland, Juniper Grass, Madrean Encinal Woodland, Pinyon-Juniper Grass, Ponderosa
Pine - Evergreen Oak, Ponderosa Pine Forest, and Mixed Conifer - Frequent Fire. Twenty-nine
percent of the vegetation types experienced fire frequencies of 35 to 100 or more years: Pinyon-
Juniper Evergreen Shrub, Pinyon-Juniper Woodland, and Interior Chaparral. The desert
communities (Sonora-Mohave Mixed Salt Desert Scrub and Mohave Sonoran Desert Scrub)
make up the remaining 20 percent and largely evolved without fire. While the desert communities
represent a smaller proportion of all vegetation types, Mohave Sonoran Desert Scrub makes up
the single largest (17 percent) community type on the Tonto National Forest and is more common
on the national forest compared to the broader landscape (context).

Risk to ecological integrity is highest at mid-elevation fire dependent ecological response units,
which is evident by the moderate to high departure for most ecosystem charactersitcs for these
ecological response units (table 41). While coarse woody debris and snags are well distributed
and abundant for wildlife, these ecological response units have excess amounts beyond reference
conditions which can increase wildfire risk and soil loss. The suppression and exclusion of fires
and historic harvesting practices (even-aged management) have been major drivers of change that
have contributed to altered vegetation structure, highly stressed systems, and degraded ecological
integrity, especially among ecological response units that historically supported frequent fires
(Ponderosa Pine Forest, Ponderosa Pine - Evergreen Oak, and Mixed Conifer - Frequent Fire).
Stressed conditions lower resilience to diseases and pathogens, reduce species diversity, and
affect wildlife habitat and use (for example, available wildlife habitat for edge and interior
species). These ecological response units have larger patch sizes, high tree densities, and
homogeneity of shrub structural stages, all of which set the stage for uncharacteristic wildfire.
Fuel loadings (coarse woody debris and tree density) have increased on the national forest and
regionally during the 20" century in woodland and forested systems as a result of fire suppression
and exclusion. This has led to a higher risk of high burn severity and resulting accelerated
erosion, increased loss of soil and less vegetative productivity, and increased sediment transport
to connected streams following uncharacteristic wildfires, such as the Rodeo Chediski Fire of
2002. Several woodlands (Interior Chaparral and Juniper Grass) have severe erosion hazard
ratings where the potential risk of accelerated soil erosion and risk to ecological integrity is
higher following catastrophic fires.

Risk to ecological integrity is high among desert and grassland ecosystems from historical
unsustainable grazing, suburban development, and fire exclusion and introduction (in desert
communities). The results have been lowered vegetative groundcover, accelerated erosion, soil
compaction, and declined soil productivity (see the “Soils” section). This is evident by the
moderate to high departure for key ecosystem characteristics; soil condition, soil erosion, fire
regime condition class and similarity to site potential (table 41). Forest activities (management
actions) have also assisted in the removal of soil surface cover, compaction, and increases in
erosion. Activities include road construction and use, prescribed burning, and grazing. Poorly
placed roads or roads constructed with poor drainage have also contributed to increased erosion
and unsatisfactory soil conditions. Fire exclusion has indirectly affected rangelands as woody
species are encroaching, succession is becoming stagnant, with limited acreage moving back into
an early successional state, and reduced nutrient cycling is occurring.
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The introduction of fire and exotics in desert communities has had the largest influence on current
and projected departure. Under natural disturbance regimes, fire occasionally occurred; however,
fuel loads were discontinuous patches that greatly limited the spread of fires. Today, the presence
of exotics and uncharacteristic shrub densities have resulted in contiguous fuel sources that
increase the risk of wildfire and loss of native species. Where vegetation is sparse and potential
for exotic invasion is lower, repeated disturbance has reduced soil condition and shifted
dominance of long-lived species to disturbance-adapted species. Fungi and soil crusts play key
roles in ecological functioning and significantly reduce erosion potential from wind and water.
Repeated disturbance can significantly reduce or eliminate biological crusts that can negatively
affect seedling germination, plant growth, and nutrient availability — especially among sparse
community types in arid environments. The impaired soils in these ecological response units may
indicate a loss in biological soil crusts that further increase the risk of ecological intgerity of these
ecosystems.

Historically, semi-desert grasslands were some of the most diverse and highly productive
community types. Risk to ecological integrity of Semi-desert grasslands are due to a loss of fire,
overgrazing by livestock, removal of keystone species (prairie dogs), and exotic grass
establishment and spread. This has resulted in shrub encroachment, erosion, and habitat
fragmentation and type conversion throughout a significant proportion of semi-desert grasslands
regionally. Loss of soils in these community types have strong influences on vegetation structure
and species composition. Without frequent fires, changes in the surface soils over time result in
the dominance of deep-rooted shrubs and trees and the elimination of shallow-rooted grasses.
Today, many sites resemble a disclimax state where soil-binding, perennial grasses have been
replaced by shrubs and annuals (native and exotic) that compete with grasses. Some sites have
been altered to a point where site conditions are too departed to restore to open perennial
grasslands. While the Tonto National Forest only represents 20 percent of the semi-desert
ecological response unit at the context scale, the opportunity for ecosystem maintenance and
restoration is high given the increasing loss of grasslands regionally. Additionally, a moderate
amount of acres have high potential for restoration and other assessments have identified a
significant proportion of restorable acres of semi-desert grasslands on the Tonto National Forest.

Considering current long-term drought (roughly since about 2000), reduced precipitation results
in reduced vegetative growth, reduced surface organic matter and nutrient cycling, and lower site
productivity. Ineffective vegetative groundcover puts the soil at risk of accelerated erosion during
peak storm events, with subsequent erosion and loss of soil productivity. Limited water
availability and increased competition from overstocked stands increases competition and stress
resulting in potential vegetation mortality. Reduced fuel moistures and predisposed vegetation is
at increased risk of wildfire and insect and disease infestations and subsequent accelerated
erosion and overall watershed degradation.

General effects from climate change to ecosystems are discussed here. Refer to the “Climate
Change” section for a complete discussion of climate change vulnerability by major ecological
response units on the Tonto National Forest. Results from recent climate models are not
encouraging. Multiple models are in agreement that the southwestern United States is in a drying
trend that will continue well into the latter part of the 21 century (Intergovernmental Panel on
Climate Change 2007; Seager et al. 2007). Models also agree that conditions and trend will
continue to depart from reference conditions. Increased precipitation is predicted; however,
temperatures are also expected to increase. The balance between precipitation and evaporation
would likely result in an overall decrease in available moisture. This ultimately results in fewer
precipitation events and more precipitation in a shorter period, with larger, more destructive
flooding. Herbaceous cover is likely to die-off in prolonged drought and leave larger areas devoid
of groundcover, creating an increased amount of bare soil. Storms may become more intense.
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More intense storms, coupled with a lack of groundcover, will increase erosion resulting in
unsatisfactory soil conditions. Increased temperatures also threaten surface water with increased
evaporation as well as an increased demand for groundwater.

Table 41. Summary of risk to terrestrial ecological integrity
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Introduction

Soil provides many benefits on which other life forms (including humans) depend by providing a
substrate and nutrients for plants, through thermoregulation (daytime heat absorption, nighttime
heat release), nutrient cycling, and water purification and storage. Soils provides wildlife habitat
(burrows, dens), plant-growth media (nurseries), and fill (construction).

The diverse and productive soils of the Tonto are described, characterized, and classified in the
draft terrestrial ecological unit inventory of the Tonto National Forest (Robertson et al. 2014). The
information regarding the kind of soils on the Tonto is intricately linked to the climate,
vegetation, and geology of the Tonto.

Geology

The Tonto National Forest occurs in a geologically diverse area that spans three distinct
ecological sections. For purposes of this report, the Tonto National Forest will be summarized by
each of these ecological sections due to similarity in geomorphology and lithology. The three
sections to be summarized are the Sonoran Desert, Tonto Transition, and White Mountain-San
Francisco Peak-Mogollon Rim (Fenneman 1916).

e The Sonoran Desert section of the Tonto National Forest is in the Basin and Range
physiographic province and the American Semi-Desert and Desert province. This section is
located in southwestern Arizona and makes up the southern and lower elevations of the Tonto
National Forest. The Range portions of this physiographic section are dominated by structural
bedrock, and common landscapes are mountains and hills. The lithology of these areas are
dominated by volcanic andesitic and rhyolitic tuff ranging from 11 to 38 million years in age,
granitic rock ranging from 1400 to 1800 million years in age and to a lesser extent
metasedimentary rock ranging from 1600 to 1800 million years in age. The Basin portions of
this physiographic section are dominated by fluvial geomorphic processes producing basins,
fan piedmonts, and plain landscapes. The lithology of the basin portions of this section are
dominated by surficial deposits ranging in age from 0 to 750 thousand years in age from
single or multiple sources.

e The Tonto Transition section of the Tonto National Forest is located between the Basin and
Range and Colorado Plateau physiographic provinces and is part of the Colorado Plateau
Semi-Desert province. The Tonto Transition section makes up a majority of the Tonto
National Forest, meeting the Sonoran Desert section to the south and the White Mountain-
San Francisco Peak-Mogollon Rim section to the north. Precambrian through Mesozoic
Volcanic activity and sedimentary deposition are major geomorphic processes in this section.
Common landscapes in the Tonto Transition section include Fan Piedmonts, Foothills, Hills,
and Mountains. The lithology of the Tonto Transition is complex and, in places, highly
dissected. Dominant lithology includes granitic rock ranging from 1400 to 1450 million years
in age, sedimentary rock ranging from 770 to 1300 million years in age, diabase ranging from
1050 to 1150 million years in age, basaltic rock ranging from 8 to 16 million years in age, and
alluvial deposits ranging from 2 to 16 million years in age.

o The White Mountain-San Francisco Peak-Mogollon Rim section of the Tonto National Forest
is in the Colorado Plateau physiographic province and the Arizona-New Mexico Mountains
Semi-Desert-Open Woodland-Conifer Forest-Alpine Meadow province. The White
Mountain-San Francisco Peak-Mogollon Rim section of the Tonto National Forest makes up
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the smallest portion of the Tonto and is located in the northwest part. This portion of the
White Mountain-San Francisco Peak-Mogollon Rim section located on the Tonto National
Forest is a plateau landscape dominated by a sequenced lithology of sedimentary rocks 330 to
540 million years in age, 280 to 310 million years in age, and 270 million years in age.

Climate

The climate is highly variable as a consequence of the uneven topography, wide range in
elevation and seasonal distribution of precipitation. The elevation ranges from a low of 1,300 feet
near Granite Reef Dam on the southwestern end of the Mesa Ranger District to a high of 7,900
feet at Mazatzal Peak located in the central area of the Tonto National Forest on the Cave Creek
Ranger District. Climate varies from the hot, dry Sonoran Desert at the lower elevations to the
cool, moist montane coniferous forest at the higher elevations.

Plant communities follow a climatic, elevational gradient from low elevation Sonoran desert
scrub, to semi-desert grasslands, to pinyon-juniper woodland, to mid elevation ponderosa pine
forest, and to mixed conifer forest. The majority of the Tonto National Forest Sonoran desert
scrub, semi-desert grasslands, evergreen oak, pinyon-juniper woodlands, and ponderosa pine
forest plant communities are in the mild winter climatic zone. Ponderosa pine and mixed conifer
plant communities on the upper portions of the Sierra Anchas Mountains and the Pinal
Mountains, and those located within the White Mountain-San Francisco Peak-Mogollon Rim
ecological section are in the cold winter climatic zone.

Soils

Across the Tonto National Forest, soils vary from an aridic (dry) moisture regime and a
hyperthermic (extremely hot) temperature regime at the lower elevations in the Sonoran Desert
scrub vegetation to an udic (humid-subhumid) moisture regime and a frigid (cold winter, warm
summer) temperature regime in the mixed conifer forests at the highest elevations.?

On steeper slopes, soils tend to be shallow and skeletal (containing more than 35 percent rock
fragments) due to naturally higher rates of erosion and a slower rate of soil development. There is
less soil development on the more unstable steeper slopes. Moderately steep to flat slopes tend to
have deeper, more developed soils, and rock fragment content can be variable. Soil texture varies
by parent material kind and origin. Soils developed in parent material such as diabase and basalt
tend to have a higher clay content because these parent materials are high in minerals that more
easily weather into clay sized particles. Soils formed from granite, metasedimentary and tuff
parent materials are lower in clay content because these parent materials are high in minerals that
are resistant to weathering into clay-sized particles.

Soil diversity on the Tonto National Forest is characterized by using Soil Taxonomy (1999). Soil
properties are described and grouped into taxonomic classes according to Soil Taxonomy, and this
grouping allows for differentiating soils based upon their inherent characteristics along with
important functions such as soil productivity. Soils on the Tonto are grouped into soil orders. Of
the ten global soils orders, five are mapped on the Tonto National Forest: Alfisols, Aridisols,
Entisols, Inceptisols, and Mollisols.

2 For a complete explanation of soil temperature and moisture regimes, see Keys to Soil Taxonomy, 12th ed. (Soil
Survey Staff 2014).
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Ecosystem Characteristics for Assessment

Soil erosion hazard and soil condition are directly linked to the ability of the soil to withstand
disturbances from management activities and natural events, while maintaining site productivity
and sustainability of the soil resource. These characteristics are used to analyze the reference and
current conditions and future trends of the soil resource. The soil erosion hazard rating reflects
inherent site and soil characteristics. Soil condition rates soils as they exist currently and reflects
the effects of management and disturbance history. Soils were generally assumed to be in
satisfactory soil condition under reference conditions.

Soil Erosion Hazard

Soil erosion hazard is the probability of soil loss resulting from complete removal of vegetation
and litter. Slope, soil texture, and vegetation type greatly influence soil erosion hazard rating. It is
an interpretation based on the relationship between the maximum soil loss and the tolerable
(threshold) soil loss of a site. Soils are given a slight, moderate, or severe erosion hazard rating.

e Avating of slight indicates the maximum soil loss does not exceed the threshold; therefore,
the loss of the soil production potential is of low probability.

e« A moderate erosion hazard indicates that the loss in soil production potential from erosion is
probable and significant if unchecked.

e Asevere erosion hazard rating indicates that the loss of soil production potential from erosion
is inevitable and irreversible if unchecked.

These ratings provide land managers an index for identifying three classes of land stability. They
are useful in determining where erosion control measures should be evaluated when (or before)
the soil surface has been exposed by vegetation management activities (for example, fuel wood
cutting, timber harvest, thinning, mastication, etc.), grazing, prescribed burning, mining, or other
disturbances. These ratings are also useful in identifying areas that should receive minimum
exposure of mineral soil and in determining areas with the greatest potential for response to
seeding after wildfire. Severe ratings mean that accelerated erosion is likely to occur in most
years and that erosion control measures should be evaluated.

Soil Condition

Soil condition is an evaluation of soil quality based on an interpretation of factors which affect
vital soil functions. Soil quality is the capacity of the soil to function within ecosystem boundaries
to sustain biological productivity, maintain environmental quality, and promote plant and animal
health (Doran and Parkin 1994). The interrelated functions of soil hydrology, soil stability, and
nutrient cycling are evaluated to assess soil condition.

e Soil hydrology: This function is assessed by evaluating or observing changes in surface
structure, surface pore space, consistence, bulk density, infiltration, or penetration resistance
using appropriate methods. Increases in bulk density or decreases in porosity result in
reduced water infiltration, permeability, and plant-available moisture.

o Soil stability: Erosion is the detachment, transport, and deposition of soil particles by water,
wind, or gravity. Vascular plants, soil biotic crusts, and litter cover are the greatest deterrents
to surface soil erosion. Visual evidence of surface erosion may include rills, gullies,
pedestalling, soil deposition, erosion pavement, or loss of the “A” (surface) horizon. Erosion
models are also used to predict on-site soil loss.
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o Nutrient cycling: This function is assessed by evaluating plant community composition,
litter, coarse woody material, root distribution, and soil biotic crusts. These indicators are
directly related to soil organic matter, which is essential in sustaining long-term soil
productivity. Soil organic matter provides a carbon and energy source for soil microbes and
provides nutrients needed for plant growth. Soil organic matter also provides nutrient storage
and capacity for cation and anion exchange.

Soil condition was evaluated using Terrestrial Ecosystem Unit Inventory data for the Tonto
National Forest in conjunction with the Technical Guide for Soil Quality Monitoring in the
Southwestern Region (2013). A soil condition category rating (described below) was determined
for each Terrestrial Ecosystem Unit Inventory map unit based on the three soil functions listed
above; the Terrestrial Ecosystem Unit Inventory soil condition classes were aggregated for the
respective ecological response unit (USDA Forest Service 2013; Wahlberg et al. 2013).

Soil Condition Categories

Ecological response units are assigned a soil condition category which is an indication of the
status of soil functions. Soil condition categories reflect soil disturbances resulting from both
planned and unplanned events. Current management activities provide opportunities to maintain
or improve soil functions that are critical in sustaining soil productivity. The following is a brief
description of each soil condition category:

e Satisfactory: Indicators signify that soil function is being sustained, and soil is functioning
properly and normally. The ability of soil to maintain resource values and sustain outputs is
high.

o Impaired: Indicators signify a reduction of soil function. The ability of soil to function
properly has been reduced or there exists an increased vulnerability to degradation. An
impaired rating should signal to land managers a need to further investigate the ecosystem to
determine causes and degrees of decline in soil functions. Changes in management practices
or other preventative actions may be appropriate.

e Unsatisfactory: Indicators signify that loss of soil function has occurred. Degradation of vital
soil functions results in the inability of soil to maintain resource values, sustain outputs, and
recover from impacts. Soils with an unsatisfactory rating are candidates for improved
management practices or restoration designed to recover soil functions.

e Unsuited: Areas rated unsuited are those where geologic erosion rates are greater than soil
formation rates. Soils are inherently unstable and may occur on steep slopes. These soils are
generally associated with badlands and other miscellaneous areas.

Unlike soil erosion hazard, soil condition is influenced by management. Existing management
activities need to be evaluated to determine if the current management activity is contributing to
the loss of soil function. In some cases, current management activities may not have caused the
loss of soil function but may be preventing recovery. Management activities that slow or prevent
recovery of soil function should be avoided.

Satisfactory soil condition (soil quality) is important in maintaining long-term soil productivity,
which is key to sustaining ecological diversity. Unsatisfactory and impaired soil conditions have
resulted in the reduced ability of the soil to grow plants and sustain productive, diverse
vegetation.
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Associated Stressors

Stressors and disturbance agents that influence erosion hazard and soil condition and are likely to
affect future demand and availability have been considered in this assessment.

o Erosion/mass wasting is manifested as rill or gully erosion, pedestalling, soil and litter
deposition on the uphill side of rocks and vegetation, and erosion pavements. High levels of
erosion lead to increased soil loss and decreased soil productivity (USDA Forest Service
1991; IPCC 2007).

o Loss of effective vegetative groundcover is indicated by a lack of surface roots, perennial
forbs and grass, and litter. Vegetation loss may result in a higher risk of wind and water
erosion, particularly on steeper slopes where erosion hazard is already high.

e Uncontrolled mechanical impacts such as compaction, displacement, and mastication, lead
to weak, massive, or platy soil structure; a reduction in tubular surface pore space; and a hard
non-biotic surface crust, contributing to impaired and unsatisfactory soil conditions.

o Climate change modelers predict an increase in air temperature and a possible drying trend
that will continue into the latter part of the 21% century (IPCC 2007; Seager et al. 2007).
Despite predictions for increased precipitation, modelers believe the balance between
precipitation and evaporation would still likely result in an overall decrease in available
moisture. While the region is expected to dry out, it is likely to see larger, more destructive
flooding. Herbaceous cover is likely to die off in prolonged drought and leave larger areas
devoid of groundcover, creating an increased amount of bare soil. More intense storms,
coupled with a lack of groundcover, will increase wind and water erosion, resulting in
unsatisfactory soil conditions.

e Burning: Prescribed burns and wildfires decrease effective overstory canopy and vegetative
groundcover. Due to climate change, forest ecosystems could face increased fire hazards in
the future (IPCC 2007; Seager et al. 2007).

e Herbivory, including high levels of cattle, elk, and other ungulate grazing, has been observed
to reduce effective vegetative groundcover and contribute to accelerated soil erosion, soil
compaction (Carleton et al. 1991), and declined soil productivity (especially during periods of
drought). It has been observed that unmanaged grazing results in sparse herbaceous
vegetation and high amounts of bare soil, resulting in unsatisfactory soil conditions (Carleton
etal. 1991).

Reference Condition, Current Condition, and Trend

Erosion Hazard

Erosion hazard is a function of vegetation, landform, and slope. Because slope and landform are
not dynamic properties in human lifetime scales, the current trend is similar to the reference
condition. However, a large vegetation removal event such as wildfire could cause this trend to
change. Given the increase in probability of uncharacteristic wildfires, as well as climate change,
sustainability of soils in terms of erosion hazard is unknown. The effects of severe erosion create
a greater risk to downslope and downstream resource values. Because slope, vegetation, and fire
potential are similar between the national forest and the broader landscape, conditions and trends
will also be similar between that of the Tonto National Forest and its surroundings.

Erosion hazard was determined based on percent slope for this assessment. The severe erosion
hazard class includes ecological response units occurring on steep landforms with a slope of
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greater than 40 percent (mountain slopes, escarpments, hills), primarily Interior Chaparral,
Juniper Grass, Mixed Conifer- Frequent Fire, Pinyon-Juniper Woodland and Ponderosa Pine
Forest (figure 21). Where these systems occur in watersheds with excessive fuel loadings and
uncharacteristic disturbance regimes, the potential risk for accelerated soil erosion exceeding
thresholds and subsequent runoff is high.

Sites that predominantly have moderate erosion hazard on moderately sloping (15 to 40 percent)
landforms support the Pinyon-Juniper Evergreen Shrub, Ponderosa Pine - Evergreen Oak, Semi-
Desert Grassland, and Sonoran-Mojave Mixed Salt Desert Scrub ecological response units.

The majority of sites with predominantly slight erosion hazard ratings occur on moderately
sloping to nearly level landforms (0 to 15 percent slope) including piedmont plains, alluvial fans,
valley plains, stream terraces, and floodplains and support the Pinyon-Juniper Grass, Sonoran-
Mojave Creosote-Bursage Desert Scrub and all Riparian ecological response units. Although
these ecological response units have low erosion hazard potentials, soil loss from lack of
vegetative groundcover contributes to unsatisfactory and impaired soil conditions.

Erosion Hazard

Interior Chaparral

Juniper Grass

Madrean Encinal Woodland
Mixed Conifer - Frequent Fire

PJ Evergreen Shrub

PJ Grass

PJ Woodland

Ponderosa Pine - Evergreen Oak

Ponderosa Pine Forest

ERU RMAP Fremont Cottonwood - Conifer
RMAP Fremont Cottonwood / Shrub

RMAP Narrowleaf Cottonwood / Shrub

RMAP Ponderosa Pine / Willow

RMAP Sycamore - Fremont Cottonwood
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Sonoran-Mojave Creosote-Bursage...

Sonoran-Mojave Mixed Salt Desert Scrub
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Figure 21. Erosion hazard on the Tonto National Forest for the major upland and riparian
ecological response units

Soil Condition

Very little quantitative data exist to measure historical soil condition. However, some qualitative
and gquantitative inferences can be made, providing insight into historical soil condition by using
knowledge about present disturbances and their effect on soil stability, soil compaction, and
nutrient cycling. Reference conditions generally estimate pre-European settlement conditions.
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Historically (without anthropogenic disturbance), soil loss, soil compaction, and nutrient cycling
would probably have been within functional limits to sustain soil function and maintain soil
productivity for most soils that are not inherently unstable, the exception being during cyclic
periods of drought and possibly local areas impacted through non-domestic herbivory. Natural
flood disturbance would have had a limited effect on the extent of soil loss, only causing
accelerated erosion adjacent to stream channels or floodplains. Drought may have reduced the
amount of protective vegetative groundcover resulting in accelerated erosion during prolonged
rainstorms. Most areas that are currently impaired and unsatisfactory for soil condition would
probably have been historically satisfactory for soil condition.

Table 42. Estimated historic versus current soil condition percentages on the Tonto National Forest

Difference between
Soil Condition Class Historical Percent Current Percent Historical and Current
Satisfactory 88% 35% 53%
Impaired Low 32% 32%
Unsatisfactory Low 16% 16%
Unsuited 16% 16% 0%

The most productive soils (satisfactory soil condition) historically and currently are within the
Interior Chaparral, Mixed Conifer-Frequent Fire, Ponderosa Pine-Evergreen Oak, Ponderosa Pine
Forest, Fremont Cottonwood-Conifer, and Ponderosa Pine/Willow ecological response units
(figure 22). These ecological response units produce high amounts of biomass and organic matter
to maintain soil cover to ensure stability of the soil and support nutrient cycling.

Other ecological response units that historically were very productive and assumed to have
satisfactory soil condition but are now impaired through a reduction in soil function include the
Narrowleaf Cottonwood/Shrub and the Sonoran Paloverde- Mixed Cactus Desert Scrub
ecological response units. The lack of effective vegetative groundcover and organic matter has
resulted in unstable soils with reduced hydrologic function and nutrient cycling in these
ecological response units.

The Pinyon-Juniper Grass, Fremont Cottonwood/Shrub, Sycamore-Fremont Cottonwood and
Sonoran-Mojave Creosote-Bursage Desert Scrub ecological response units are all at least 40
percent unsatisfactory (figure 22). In these ecological response units, lack of vegetative
groundcover (observed mainly as insufficient litter, basal area, and subsurface roots) may be
contributing to decreased hydrologic function and stability.

Additionally, some soils are considered unsuited-inherently unstable. Unsuited-inherently
unstable soils are those in which their geologic formation and geomorphic properties (for
example, steep slopes) are naturally active, and soil erosion has existed historically and will
continue. Unsuited-inherently unstable soils are dispersed across the landscape and occur
primarily in the Juniper Grass and Madrean Encinal Woodland ecological response units. Soil
erosion hazard influences soil condition; an inherently unstable soil is more vulnerable to soil
condition impairment than an inherently stable soil.
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Current Soil Condition
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Figure 22. Current soil condition on the Tonto National Forest for the major upland and
riparian ecological response units

To account for soils that are unsuited-inherently unstable, soil condition should be at least 50
percent satisfactory to match historic, or reference, condition. However, the data show at least 50
percent impaired and unsatisfactory soils in over half (53 percent) the ecological response units,
indicating a need for change in current management, particularly in the Pinyon-Juniper, Sonoran
Desert, and the majority of the Riparian ecological response units.

Until unmanaged herbivory is reconciled and the frequency and magnitude of disturbances occur
within the historic range of variation (Schussman and Smith 2006), the trend will continue to
move away from reference condition, at the same, or at an increased, rate. This will affect soil
productivity, which will in turn affect forage production and other resources on the Tonto
National Forest. As with erosion hazard, soil condition trends are similar on both private and
public lands. However, on adjacent National Forest System lands, soil condition is improving to
satisfactory due to changes in management. On the Coconino National Forest, for example,
current soil condition is 79 percent satisfactory with only 10 percent unsatisfactory, and slightly
over 10 percent unsuited-inherently unstable (Coconino 2007). With a change in current
management, some factors of soil condition, like overstory canopy and groundcover, may
improve quickly. Other factors take a long time to improve (recovery of lost topsoil) and could
impact resources for quite some time.

Risk Assessment

Risk was calculated based on percent departure from reference condition (figure 23). Reference
condition includes the slight erosion hazard and satisfactory soil condition categories; all other
categories (except unsuited soil condition) are considered departure from reference condition.
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High risk is determined as greater than 67 percent departure, moderate risk is 34 to 66 percent
departure and low/no risk is 0 to 33 percent departure.

Percent Departure From Reference Condition
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Figure 23. Percent departure from reference condition, erosion hazard and soil condition,
for all the major upland and riparian ecological response units on the Tonto National
Forest

Erosion hazard: Over half of the Tonto ecological response units (58 percent) are at high risk for
erosion. Only one ecological response unit, the Sonoran Mid-Elevation Desert Scrub, is at
moderate risk for erosion. The remaining 37 percent of ecological response units are at low/no
risk for erosion. Riparian units make up 71 percent of the low or no risk category.

Soil condition: Risk for soil condition is more evenly dispersed between ecological response
units, with 37 percent at high risk, 26 percent at moderate risk and 37 percent low or no risk.

Local scale units: Ecological response units are aggregated up into five local scale units by
hydrologic unit code 8 watersheds: Aqua Fria, Lower Salt, Lower Verde, Tonto, and Upper Salt.
Because each ecological response unit typically makes up only a small percentage of each local
unit, with some ecological response units not occurring at all in several of the local units, risk
may be inaccurately identified as low when looking at the broader local scale. However, the
Sonoran Paloverde-Mixed Cactus Desert Scrub ecological response unit, which makes up 58
percent of the Lower Salt local unit, stands out as being at moderate risk for both soil condition
and erosion within that particular unit. This may be one area to focus particular attention when
creating the forest plan. Ecological need for change should address the site-specific
characteristics (plant basal cover, canopy cover, litter, coarse and fine woody material, etc.) in
need of improvement.
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Ariparian area is the interface between the terrestrial and aquatic ecosystem. As ecotones, they
encompass sharp gradients of environmental factors, ecological processes, and plant communities
(Gregory et al. 1991). Riparian areas are plant communities contiguous, to and affected by,
surface and subsurface hydrologic features of perennial or intermittent lotic and lentic water
bodies (rivers, streams, lakes, or drainage ways). Riparian ecosystems are defined as transition
areas between the aquatic ecosystem and the adjacent terrestrial ecosystem; they are identified by
soil characteristics or distinctive vegetation communities that require free or unbound water
(USDA Forest Service 2013). Although riparian areas make up a small percent of the context
landscape (table 43), they support some of the greatest plant and animal diversity and are
essential habitat for much of the native flora and fauna and migratory avian species.

Riparian areas are defined by change and are adapted to disturbance. Because of variability in the
amount, timing, distribution, and duration of water availability in the Southwest, shifts in runoff,
erosion, sedimentation, vegetation resistance to disturbance and resilience are site specific and
episodic. Properly functioning riparian systems reach a “dynamic equilibrium” where, on the
whole, sediment movement is sustainable and hydrologic forces of change are balanced by
deposition and vegetation recovery (DeBano et al. 1995).

In Arizona and New Mexico, an estimated 80 percent of all vertebrate species use riparian areas
for at least half their life cycles, and more than half of these are totally dependent on riparian
areas (Chaney et al. 1990). Likewise, aquatic and fish productivity are directly related to a
properly functioning and healthy riparian habitat. These areas are typically characterized by key
riparian plant communities that have significant influences on the ecological integrity of riparian
ecosystems. They experience routine inundation by water during seasonal high flows and storm
events.

Structure of Riparian Assessment

First, the assessment of key ecosystem characteristics for each riparian ecosystem type (riparian
ecological response units) on the Tonto National Forest are presented. Second, the risk to the
ecological integrity of riparian ecosystems is assessed and lastly summary and key findings are
presented. The scales of analysis for riparian ecosystems follow the same spatial extents defined
for terrestrial ecosystems (reference chapter 3, Spatial Scales of Analysis).

Riparian Ecological Response Units

The riparian mapping project (RMAP) was a collaborative effort between the Southwestern
Region of the Forest Service and other organizations to map and describe riparian systems or
ecological response units in the region, Arizona and New Mexico (Triepke et al. 2014a). Specific
reference conditions have not been developed for riparian ecological response units, but
maintaining or restoring riparian function that support equilibrium will, in turn, promote
ecological integrity. One objective of the riparian mapping project was to provide planning teams
with spatial data on riparian features sufficient to complete ecological sustainability analyses and
planning at landscape scales (1:24,000 scale and greater). The riparian ecological response units
have the most extensive covering of the Tonto National Forest for riparian areas, as well as the
context area surrounding it. The riparian mapping project does not include the entire context area,
nevertheless it covers more area than any other inventory the Tonto National Forest has in its
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possession. Some riparian ecological response units were grouped based on similar dominant
vegetation species. The following riparian ecological response units were analyzed:

o Cottonwood Group ecological response unit

L2

*

*

*

Narrowlead Cottonwood/Shrub
Sycamore-Fremont Cottonwood
Fremont Cottonwood/Shrub

Fremont Cottonwood-Oak

o Fremont Cottonwood-Conifer ecological response unit

e Ponderosa Pine/Willow ecological response unit

o Desert Willow ecological response unit

Other riparian ecological response units on the Tonto, such as the Arizona Alder-Willow,

Herbaceous Riparian, and Sparsely Vegetated ecological response units, were not included in the
analysis due to insufficient data and few acres on the Tonto. The ecological response units carried

forward in this analysis make up 2.9 percent of the Tonto National Forest (table 43).
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Table 43. Riparian ecological response unit (RMAP) distribution at local, plan and context scales

Local Scale/Zone
1 Agua Fria 2 Lower Verde 3 Tonto Basin 4 Upper Salt 5 Lower Salt Plan Context
Riparian Ecological | Number % of % of % of % of % of % of % of % of % of % of % of
Response Units of RMAP Local RMAP Local RMAP Local RMAP Local RMAP RMAP RMAP RMAP RMAP
(RMAP) Acres acres Scale acres Scale acres Scale acres Scale acres Acres acres Acres acres
Desert Willow 286 12 2,325 9 349 2 3,863 15 2,129 27 8,951 11 41,604 22
E:rgé?,(i)fgtr Cottonwood 207 9 3,639 14 7,848 35 875 3 130 2 12,699 15 13,203 7
Cottonwood Group 1,825 79 17,211 64 11,896 53 20,547 81 5,584 71 57,063 67 124,568 | 66
Ponderosa * * 3,686 14 2,234 10 143 1 * * 6,063 7 7,146 4
Pine/Willow
Total Riparian ERU
Acres 2,318 26,861 22,327 25,427 7,843 84,777 101,835
Percent of Riparian 1.3% 3.2% 3.4% 3.1% 1.7% 2.9% 0.8%
Acres by Land Area

* No acres are present at this scale
For each riparian map unit, the number of acres are displayed along with the percent of all riparian acres the unit represents at a given scale. Riparian acres and percent by land
area/scale are displayed in the last two rows of the table. The scales of analysis for riparian ecosystems follow the same spatial extents defined for terrestrial ecosystems (reference

chapter 3, Spatial Scales of Analysis).
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Key Riparian Ecosystem Characteristics
The key ecosystem characteristics for riparian vegetation (ecological response units) include

o similarity to site potential,

e vegetative groundcover,

o upland condition (wildfire risk), and
e riparian condition.

Ecological Status or Similarity to site potential measures the degree of similarity between
existing and natural (reference condition) plant communities for each riparian ecological response
unit. The natural plant community (reference conditions) is a suite of species expected to occupy
a site based on edaphic (soil properties) and climatic properties under natural disturbance
regimes. Existing and natural communities are developed from the terrestrial ecological unit
inventory, ecological classifications built from extensive field data on vegetation, climate, and
soils (Jenny 1958, USDA Forest Service 1986b). Some riparian ecological response units contain
several or more terrestrial ecological unit inventory map units. Similarity to site potential is
calculated by species for each riparian ecological unit inventory map unit, using the similarity to
site potential equation (USDA Forest Service 1997) and area weighted by riparian ecological
response unit to represent weighted similarity at the plan scale. The same process was repeated by
species within each lifeform category (forb, shrub, graminoid, and tree) to display community
level patterns that may be unequally influencing the overall site similarity or departure from
similarity. The terrestrial ecological unit inventory plot data is not sufficient in resolution to
analyze ecological status by local scale.

Riparian species composition and community structure is largely influenced by moisture regimes,
flood disturbance patterns (timing, magnitude, and frequency), and other landscape features
(substrate, soils, and geology). Because riparian species tend to have very narrow or specific
moisture regimes, the presence or absence of certain species can indicate changes in local site
conditions. For example, drying conditions may be evident by the under-representation of
wetland-obligate (only found at wetlands) species and increases in facultative-upland or upland
species (mostly occur at uplands). A number of riparian species are groundwater dependent
(generally requiring shallow groundwater levels), so dominance by upland plants at the riparian
zone may indicate a declining water table (USDI BLM et al. 1998). The loss of these native
riparian species can also have large influences on ecosystem function and integrity. Riparian
species, such as willow (Salix spp.), Arizona alder (Alnus oblongifolia), and Fremont cottonwood
(Populus fremontii) prefer wetter conditions and have root masses capable of withstanding high-
flow events (USDI BLM et al. 1998). Native aquatic species like sedges and rushes colonize
scoured areas soon after floods, capture sediment, and keep stream substrates from eroding.
Native riparian graminoids (grasses and grass like plants) have extensive root masses that are
strong and fibrous and stabilize streambanks, and resist undercutting during high flow events.
Sod-forming annual grasses, which have shallower and more delicate root systems, are less
resistant to erosion. Erosion leads to bank undercutting and collapse and changes the active
channel’s width-to-depth ratio, gradient, and sinuosity, which reduces a riparian area’s ability to
dissipate energy.

Groundcover is an important characteristic that moderates overland flow and streamflow by
regulating flow rate and encouraging infiltration down into the soil profile. Disruption of the
surface cover and alteration of the mineral soil by wildfire can produce changes in the hydrology
of a watershed well beyond the range of historic variability (DeBano et al. 1998). Riparian
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vegetation can directly affect stream channel characteristics, particularly streambank habitat and
stability (Abernethy and Rutherfurd 2001). Root systems protect stream banks through armoring
(Abernethy and Rutherfurd 2001) and bind bank sediment, thus contributing to bank stabilization,
reduction of sediment inputs to streams (DeBano et al. 1998), and development and maintenance
of undercut banks. There are marked differences among riparian species and vegetation types in
root characteristics and their influence on bank stability (Wynn et al. 2004). Management
activities, such as logging and grazing, and natural disturbances, such as fire and debris flows,
can directly affect stream bank stability through alteration of riparian vegetation.

Upland condition is the condition of the surrounding uplands. Upland condition can substantially
affect the condition of a riparian area. Despite riparian systems not being fire adapted, fire is an
important disturbance in western riparian systems as the effects of fire, when within its historical
range of frequency and severity in upland systems, result in beneficial effects in riparian systems.
Higher soil moistures, cooler temperatures, and greater productivity typically characterize
riparian areas. In general, this means under wetter conditions, fire intensities should be lower in
riparian areas and result in patchy, mosaic-type burns. The lack of fire creates less patchiness,
lower diversity of plants and structure, and fewer associated animals. Increased conifer and
overall vegetation density and uniformity in the riparian area result in higher-intensity fires across
large areas. Fire also aids in the maintenance of coarse woody debris, which creates pools that
provide habitat for fish and other aquatic organisms. Fires can either result in more accumulation
of wood or even a complete removal of wood from the vicinity of the stream depending on
preexisting forest and fire severity. However, continuous fuels can also aid the movement of fire
from adjacent uplands into the riparian areas. When uncharacteristic high-severity fire sweeps
through an adjacent landscape adapted to low-intensity surface fire (for example, Mixed Conifer
— Frequent Fire), the effects on riparian areas can be dramatic. High-severity fire resulting in the
loss of riparian vegetation can lead to higher water temperatures, increased erosion, reduced
oxygen concentrations, and reduction in the distribution of aquatic biota through the reduction in
the amount of vegetation providing stream shading or cover.

Fire also effects overland flow, when the vegetation that typically intercepts rainfall and
encourages infiltration is burned up. High-severity wildfire can consume all, or nearly all, the
protective vegetative cover and litter layer over extensive watershed areas, producing a
significant effect on the magnitude of overland flow and sedimentation (DeBano et al. 1998) that
negatively affects aquatic organisms (Neary et al. 2005). This is especially significant in the
southwestern U.S. where monsoonal precipitation following high-severity fire has increased peak
flow rates hundreds of times greater than pre-fire rates (Ffolliott and Neary 2003). In some cases,
it may take decades for the stream and associated riparian corridor to recover. Changes in upland
condition can change the discharge, timing, or duration of streamflow events and the amount of
sediment supplied to a riparian area. Uplands that are able to store less water or that are more
erodible or more prone to uncharacteristic fire will have a negative effect on adjacent riparian
systems; however, degraded upland conditions does not always result in degraded riparian
conditions.

Upland condition was evaluated from the top two to three dominant adjacent vegetative
communities and ecological response units by area within ¥-mile buffer of each riparian map
unit. Seral state departure (current and 100-year projection) and current fire regime condition
class values for adjacent ecological response units were area weighted to derive upland condition
score and departures. Detailed analysis and assessment of the adjacent ecological response units
is described in the “Terrestrial Ecosystems” section of this assessment.
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Riparian Condition (Tonto Stream Assessment) is the only key ecosystem characteristic unique
to riparian areas and not in the upland vegetation ecological response unit section. It is a
methodology for assessing the physical functioning of riparian-wetland areas. The Tonto stream
assessment method was developed on the Tonto National Forest in 1996 and was revised in 1998
and 2001. Stream reaches that were assessed, classified, or both were chosen by project level
work. Many were chosen because they are considered key reaches, and accessibility by people
and animals was a factor. Key riparian reaches, similar to upland key areas, are those stream
channels, springs, and riparian areas selected to indicate achievement of management objectives.
Key riparian reaches were sampled because they are representative, responsive to changes in
management, contain key riparian species, and are accessible to livestock. It was reasoned that
improved management for the key reaches would increase the likelihood of protection or
recovery for all streams in the area. Therefore, the assessments and classifications may not be
representative of the riparian areas in the watershed as a whole but rather representative of our
more key areas. Some reaches were visited more than once, in which case the most recent data
was used.

The riparian condition analysis is based on stream channel stability which is defined as the ability
of a stream to carry the water and sediment of its watershed while maintaining its dimension,
pattern, and profile, without aggrading or degrading over time and in the present climate (Rosgen
1996). Parameters used to assess stability include depositional pattern, stream bank vegetative
cover (Thompson et al. 1998), stream channel width-to-depth ratio, channel stability rating
(Pfankuch 1975), and bank erosion hazard index (Rosgen 1996). The condition rating classes are
stable, impaired (slightly or severely), or unstable. All impaired ratings (slightly impaired and
severely impaired) were combined for this planning effort. The stream assessment data only
covers lands within the Tonto National Forest boundary and therefore cannot be used to evaluate
riparian conditions outside the boundary.

Stream assessment data is available on the Tonto National Forest from the last decade, but only
the most current data (latest year) for each assessed stream was used for this assessment. Two
analysis approaches were taken to describe current trends in ecological integrity throughout the
ecological response unit specific analysis section and trends and conclusions section:

1. Riparian condition was assessed for each riparian ecological response unit only at the
plan scale. Riparian condition is not assessed for each riparian ecological response unit at
any finer scale (local scale) because the resolution of the data is too coarse (that is, there
are too few analyzed streams forestwide).

2. To analyze riparian condition by plan and local scales, a different approach was taken
where the stream data was intersected with local and plan scale extents in GIS. This
analysis describes the overall condition of riparian streams at plan and local scales (not
specific to ecological response units).
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Figure 24. Map showing riparian condition (Tonto stream assessment) available for data analysis, relative to the location of riparian
ecological response units
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Reference Conditions of Riparian Ecosystems

Similar to terrestrial vegetation, reference conditions will be used to determine the amount of
departure and ecological risk to riparian systems. It is assumed that restoring and maintaining
riparian function that supports equilibrium will, in turn, promote ecological integrity. Riparian
ecosystems are ecological hotspots and serve multiple functions for humans, other vegetation
systems, and wildlife. Continuous corridors of riparian vegetation cover hundreds of miles and
served as permanent habitat and seasonal migration routes for many species of birds and
mammals. Rivers and spring-fed cienegas supported specialized, endemic fish species. Beavers
required water and created ponds to retain it during periods of low flow. Other species, like the
southwestern willow flycatcher, depend on the plant and animal communities of riparian
wetlands. The spatial and temporal distribution of riparian ecosystems across the landscape is
dependent on climate, geology, and hydrology, collectively. It is hot known what combination of
conditions maintained these productive sites. Frequent fires and periodic floods may have
contributed to the lack of tree or shrub cover, but the inability of most trees to compete with
grasses on deep soils may also have been a factor. It is likely most of these canyons flooded
periodically, especially in high precipitation years. Floods are the most important disturbance type
in many riparian ecosystems. Floods on riparian vegetation affect a wide range of ecological
attributes including vegetative abundance, distribution, structure, function, composition, and site
productivity. Unfortunately, historic flood regimes on the Tonto National Forest are unknown.
Fire frequency is the only other disturbance regime for which the Tonto has extensive data;
therefore, it will be used as a proxy since the diversity of riparian areas can be attributed to the
temporal variability in natural disturbances including, debris flows, landslides, and wildfire (Gecy
and Wilson 1990, Naiman et al. 2005).

Successional patterns of riparian plant community development are driven by responses to natural
and anthropogenic disturbances, physical variables, and plant species attributes (Baker 1989,
Merritt et al. 2010). There is also feedback between riparian plant species and the physical
environment. These involve plant features that influence sediment deposition and accumulation
and lead to stabilization of streambanks and floodplains. Riparian plant characteristics include
mechanical resistance and flexibility, root anchorage ability, and post-disturbance regeneration
via sprouts and seedlings that influence sediment deposition and accumulation (Pettit and Naiman
2007, Corenblit et al. 2009). Thus, the diverse composition and structure of riparian vegetation
are a result of the interdependence of physical and biotic processes over time (Simon et al. 2004).

Wetland and riparian areas have historically been heavily impacted by anthropogenic activities
throughout North America (Brinson and Malvarez 2002). Extensive land uses by Native
Americans and European-Americans likely had some impact on riparian areas on the Tonto.
Wetlands and riparian ecosystems have been subject to a number of stressors including
hydrologic alterations associated with dams and water diversions (Graf 1993, Nilsson and
Berggren 2000), agricultural drainage (Dahl 1990), grazing (Fleischner 1994, Patten 1998, Belsky
et al. 1999), and the widespread introduction of nonnative species (Stein and Flack 1996, Mack et
al. 2000). Demand for water, fertile land, and forage for livestock in the arid and semi-arid West
has already affected many aquatic, riparian, and wetland areas and pressures will likely increase
with time, threatening the integrity and long-term viability of these vital ecosystems and the biota
they support (Baron et al. 2002).
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Desert Willow
Elevational range on the Tonto: 1,490 — 4,554 feet. Average elevation: 2,492 feet

Photo 13. Desert Willow Riparian ecological response unit

The Desert Willow riparian ecological response unit is often found in dry washes, intermittent
streams, and often along ephemeral and drier reaches of interrupted alluvial channels. Desert
willow (Chilopsis linearis) makes up the dominant stratum of this ecological response unit. Other
commonly associated tree species include netleaf hackberry (Celtis reticulata) and velvet
mesquite (Prosopis velutina). Shrubs such as burrobush (Ambrosia spp.) and desert broom
(Baccharis sarothroides) are also commonly associated with this ecological response unit. Like
other desert trees (such as mesquite, Prosopis spp.), desert willows are adapted to drought
conditions through their ability to extract groundwater at the phreatic zone of the water table (that
is, phreatophytes). Desert willow trees are also long-lived species that aid in bank stabilization of
water courses and occasionally contribute to the formation of islands within the riparian channel
by trapping sediments following flood events (Uchytil 1990).

Distribution and Representation

The Desert Willow ecological response unit makes up 22 percent of analyzed riparian ecological
response unit acreage (2" largest ecological response unit) at the context scale. This ecological
response unit is the 3" largest, making up 11 percent of all analyzed riparian ecological response
units on the Tonto National Forest. It is most abundant at the Lower Salt (27 percent of riparian
acres) and Upper Salt (15 percent of riparian acres) local zones. Figure 25 displays the general
location of the Desert Willow ecological response unit within the context area and the Tonto
National Forest. The opportunity for the Tonto National Forest to contribute to the ecological
integrity of this ecological response unit at the broader landscape scale (context area) is low to
moderate as 8,951 of the 41,604 acres (22 percent of the context acres) are located on the Tonto
(table 44).
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Table 44. Distribution of Desert Willow (acres and percent) at context, plan, and local scales

Tonto 1 2 3 4 5
National Agua Lower Tonto Upper Lower
Acres Measured Context Forest Fria Verde Basin Salt Salt
Desert Willow Acres 41,604 8,951 286 2,325 349 3,863 2,129
Total RMAP acres* 186,611 84,777 2,318 26,861 22,327 25,427 7,843
Desert Willow 22% 11% 12% 9% 2% 15% 27%
Percent of Analyzed
RMAP acres*

* These acres only include the riparian mapping project (RMAP) units analyzed in this assessment: Desert Willow,
Fremont Cottonwood-Conifer, Cottonwood Group, and Ponderosa Pine/Willow ecological response units.

Key Riparian Ecosystem Characteristics

Riparian Condition

Over half (59 percent) of the streams assessed for this ecological response unit are unstable, much
higher than the 31 percent of unstable streams assessed forestwide. While the analysis of riparian
condition by ecological response unit is restricted to the plan area or forest boundary, the Upper
Salt zone has the highest proportion of unstable and impaired streams where the Desert Willow
ecological response unit is the 2" most abundant on the Tonto. Additionally, the Lower Salt zone
has the highest proportion of Desert Willow ecological response unit acres, and this zone has the
highest proportion of unstable streams forestwide.

Table 45. Riparian condition by Desert Willow ecological response unit and streams by local and
plan scales

Riparian Condition
(percent) by Riparian Riparian Condition (percent) for all Analyzed Streams
ERU (plan scale) by Plan and Local Scale
o) ) £ - -
o 3 s ° @ S T
oy o L 2 > n n
Riparian T % - T ™ o <5 o g
e 2 [ > (0] - o =
Condition 0= I =) = c o 3
Class = o < ° L2 = -
Unstable 59 31 24 28 37 30 42
Impaired 19 51 25 51 49 62 32
Stable 22 18 51 21 14 8 26

* Riparian condition is analyzed by riparian ecological response unit at the plan scale by intersecting Tonto stream
assessment data by riparian ecological response unit. Reference “Tonto Stream Assessment” section in the
introduction for more information.

** Riparian condition is assessed for all streams by local scale and not for riparian ecological response unit by local scale
because the stream assessment data is not sufficiently distributed across the Tonto to do such analysis.

Ecological Status (Similarity to Site Potential)

There is insufficient terrestrial ecological unit inventory plot data for this riparian ecological
response unit to analyze similarity to site potential.

Vegetative Groundcover

There is insufficient terrestrial ecological unit inventory plot data for this riparian ecological
response unit to analyze vegetative groundcover.
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Figure 25. Desert Willow riparian map units
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Upland Condition

Uplands with degraded ecological conditions that are more prone to uncharacteristic wildfire can
have negative effects on adjacent riparian systems. While degraded upland conditions do not
always result in direct impacts to riparian areas, they can indirectly affect the discharge, timing,
or duration of streamflow events and the amount of sediment supplied to a riparian area.

For this ecological response unit, the upland condition analysis does not sufficiently capture
potential impacts to riparian channel function and condition because most Desert Willow riparian
areas are located within sandy washes that are naturally unstable and capable of transporting
relatively large volumes of sediment following flood events. Other riparian ecosystem
characteristics are more applicable to describing status (discussed below).

Table 46. Upland condition analysis for Desert Willow ecological response unit (ERUS)

Averaged Averaged 100-
Current Seral year Projection of
Dominate Adjacent upland State departure Seral State Percent acres by Fire
vegetation or ERUs at for Adjacent departure for Regime Condition Class
Riparian Corridor* ERUs** Adjacent ERUs** for Adjacent ERUs**
Mojave-Sonoran Desert Scrub Low (31) High (77) FRCC | (low departure): 33
and Semi-Desert Grassland percent

FRCC Il (moderate

departure): 14 percent

FRCC Il (high departure):

54 percent

* Upland condition is evaluated for each riparian ecological response unit by analyzing the top 2 to 3 dominant adjacent
vegetation or ecological response units by area within the riparian corridor (¥s-mile buffer).

** Seral state departure (current and 100-year projection) values and current fire regime condition class values for
adjacent ecological response units are area weighted by riparian corridor to derive upland condition score/departures.

Key Trends

Risk to the ecological integrity of this ecological response unit is high as only 22 percent of
assessed streams on the Tonto National Forest Tonto National Forest are rated stable. Risk is also
highest at the Lower and Upper Salt zones. These local scales have the highest proportion of
Desert Willow acres and the highest proportion of unstable and impaired streams. These riparian
areas and the adjacent uplands (desert scrub) experience heavy recreational impacts (off-highway
vehicle use). Additionally, the Lower Salt zone borders the Phoenix metropolitan area where a
large number of uses recreate. While there is currently no information on soil condition for this
ecological response unit, repeated ground disturbance (for example, user-created trails, off-
highway vehicle use) can cause impaired soil conditions (compaction), reduced plant vigor, and
lower species diversity. Impaired site conditions are present at sites by the significant amount (59
percent forestwide) of streams rated as unstable. Unstable streams have the lowest level of plant
diversity and contribute the least towards ecological integrity — potentially contributing to poor
water quality and reduced water quantity.
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Fremont Cottonwood — Conifer
Elevational range on the Tonto: 2,060 — 5,709 feet. Average elevation: 3,279 feet

LAl

Photo 14. Fremont Cottonwood-Conifer ecological response unit

The Freemont Cottonwood-Conifer ecological response unit is typically found at elevations
ranging from 2,100 to 8,800 feet. Fremont cottonwood (Populus fremontii) and conifers, such as
Utah juniper (Juniperus osteosperma), share the dominant stratum of this ecological response
unit. Other plant species include net leaf hackberry (Celtis reticulata) and velvet mesquite
(Prosopis velutina). Fremont cottonwood is a pioneer species and has many characteristics that
allow colonization of disturbed areas. It produces a prolific number of small seeds at a young age.
It establishes mainly from seed rather than asexually production, although it can sprout shoots
from lateral buds on stems prostrated by flood flows (Stromberg, 1993). Flooding is the primary
disturbance in cottonwood systems, and germination and establishment of the trees coincide with
flood events. Fremont cottonwood and the associated woody species in this ecological response
unit are important in erosion control and riparian functionality (for example, stabilizing banks).

Distribution and Representation

The Fremont Cottonwood-Conifer ecological response unit makes up 7 percent of analyzed
riparian ecological response unit acreage at the context scale. This ecological response unit is the
2" largest, making up 15 percent of all analyzed riparian ecological response units on the Tonto
National Forest. It is most abundant at the Tonto Basin (35 percent of riparian acres) and Lower
Verde (14 percent of riparian acres) local zones. Figure 26 displays the general location of the
Fremont Cottonwood-Conifer ecological response unit within the context area and the Tonto
National Forest. The opportunity for the Tonto National Forest to contribute to the ecological
integrity of this ecological response unit at the broader landscape scale (context area) is high as
12,699 of the 13,293 acres (95 percent of the context acres) are located on the Tonto (table 47).
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Table 47. Distribution of Fremont Cottonwood-Conifer (acres and percent) at context, plan, and local
scales

Tonto 1 2 3 4 5
National Agua Lower Tonto Upper Lower
Acres Measured Context Forest Fria Verde Basin Salt Salt
Fremont Cottonwood 13,293 12,699 207 3,639 7,848 875 130

- Conifer acres
Total RMAP acres* 186,611 84,777 2,318 26,861 22,327 25,427 7,843

Fremont 7% 15% 9% 14% 35% 3% 2%
Cottonwood-Conifer
Percent of Analyzed

RMAP acres*

* These acres only include the riparian mapping project (RMAP) units analyzed in this assessment: Desert Willow,
Fremont Cottonwood-Conifer, Cottonwood Group, and Ponderosa Pine/Willow ecological response units.

Key Riparian Ecosystem Characteristics

Riparian Condition

With the exception of the Ponderosa Pine/Willow ecological response unit, the Fremont
Cottonwood-Conifer ecological response unit has least amount of unstable streams compared to
the other riparian ecological response units. It also has a lower number of streams rated unstable
(24 percent) compared to the proportion of unstable streams forestwide (31 percent). While the
analysis of riparian condition by ecological response unit is restricted to the plan area and forest
boundary, the Tonto Basin zone has the 2" highest proportion of unstable streams where the
Fremont Cottonwood-Conifer ecological response unit is the most abundant. Conditions are less
impaired at the Lower Verde zone where the Fremont Cottonwood ecological response unit is the
2" most abundant on the Tonto.

Table 48. Riparian Condition by Fremont Cottonwood-Conifer riparian ecological response unit and
streams by local and plan scales

Riparian Condition
(percent) by Riparian Riparian Condition (percent) for all Analyzed Streams
ERU (plan scale) by Plan and Local Scale
3% © o S S| = =
gy g T < o | 9 2
Riparian gcé ‘2 ~ ~ T og | <5 w5
Condition 2eE 3 > > = oy 2
L 35o o < o (=} ) °
Class ko) S = -
Unstable 24 31 24 28 37 30 42
Impaired 56 51 25 51 49 62 32
Stable 20 18 51 21 14 8 26

* Riparian condition is analyzed by riparian ecological response unit at the plan scale by intersecting Tonto stream
assessment data by riparian ecological response unit. Reference “Tonto Stream Assessment” section in the
introduction for more information.

** Riparian condition is assessed for all streams by local scale and not for riparian ecological response unit by local scale
because the stream assessment data is not sufficiently distributed across the Tonto to do such analysis.

Ecological Status (Similarity to Site Potential)

Ecological status for the Fremont Cottonwood-Conifer ecological response unit is highly departed
from reference conditions as only 6 percent of similarity exists between the potential natural
community and the current plant community. Probably the largest influence to the low similarity
to site potential is influenced by the low forb abundance. Nonnative forbs, such as filaree
(Erodium cicutarium), have become naturalized in this ecological response unit (and throughout
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North America) and are generally present at low levels. A general shift to drier conditions may be
occurring as there is an overabundance of species, such as alligator juniper (Juniperus deppeana)
and pinyon pine (Pinus edulis), that tend to occur at the uplands more than wetlands (facultative
upland species). Additionally there is poor representation of species that favor wetlands
(facultative wetland and obligate wetland species), such as Fremont cottonwood (Populus
fremontii) and Arizona sycamore (Platanus wrightii). Grasses (sod versus bunch) can have
significant influences on site productivity, water infiltration, stream temperature, and
sedimentation. Grasses such as black grama (Bouteloua eriopoda) are intensive exploiters for
limited shallow soil moisture and can survive decades once established (USDA-NRCS 2016).
Changes in grass species abundance can indicate a shift in local site conditions (for example,
available plant moisture). In general, grass abundance is low for this ecological response unit —
specifically native bunch grasses, such as black grama (Bouteloua eriopoda) and blue grama
(Bouteloua gracilis). The overall low abundance of native grass and forb species indicate a loss of
site productivity.

Table 49. Fremont Cottonwood-Conifer ecological response unit lifeform and overall similarity to site
potential (percent similarity)

Similarity
to Site
Potential Species and Lifeforms Over- Species and Lifeforms Under-
Lifeform! | (percent)? represented represented
Forbs Low (0%) None Eriogonum spp.
Filaree (Erodium cicutarium)
Graminoids | Low (7%) None Blue Grama (Bouteloua gracilis)
Black Grama (Bouteloua eriopoda)
Hairy Grama (Bouteloua hirsuta)
Shrubs Low Wright's silktassel (Garrya wrightii) Sonoran Scrub Oak (Quercus
(16%) Broom Snakeweed (Gutierrezia turbinella)
sarothrae)
Red Barberry (Berberis
haematocarpa)
Trees Low Alligator Juniper (Juniperus Arizona Walnut (Juglans major)
(12%) deppeana) Arizona Sycamore (Platanus
Pinyon Pine (Pinus edulis) wrightii)
Fremont Cottonwood (Populus
fremontii)
All Low (6%) Trees Graminoids (mostly grasses)
Forbs

1. Forbs include all herbaceous flowering plants and graminoids include all grasses, sedges, and rushes.

2. Similarity to site potential is a nominal classification: low (0 to 33 percent), moderate (34 to 66 percent), and high (67 to
100 percent).
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Vegetative Groundcover

Groundcover is similar to reference conditions. While the ecological status analysis shows high
departure in species composition and community structure, there is moderate vegetative
groundcover (67 percent similarity to reference conditions) — most likely the result of adequate or
abundant litter (for example, fine downed woody material) in addition to vegetative cover.

Upland Condition

Uplands with degraded ecological conditions are more prone to uncharacteristic wildfire that can
have negative effects on the adjacent riparian systems. While degraded upland conditions do not
always result in direct impacts to riparian areas (high moisture content), they can indirectly affect
the discharge, timing, or duration of streamflow events and the amount of sediment supplied to a
riparian area. In general, risk to riparian areas has increased as a result of active fire suppression
and exclusion at the watershed level. Historically, vegetation near riparian zones were structured
in a mosaic-like pattern with patches of vegetation creating breaks in fuel continuity. Current
conditions show high fuel loads and large patch sizes at the riparian corridor, increasing the risk
of flooding and sedimentation (specifically at higher elevations with high erosion hazards) at the
Fremont Cottonwood-Conifer ecological response unit. This is supported by the high number of
upland acres classified with moderate to high departure in fire regime (fire regime condition class
Il and fire regime condition class I11). While projections show some improvements (high to
moderate seral state departure), risk of wildfire to riparian areas is still moderate after 100 years
under current management. This is due to the large amounts of coarse woody debris and high
stand densities on the landscape.

Table 50. Upland condition analysis for Fremont Cottonwood-Conifer ecological response unit (ERU)

Averaged Averaged 100-
Current Seral year Projection of

Dominate Adjacent upland State departure Seral State Percent acres by Fire
vegetation/ERUs at Riparian for Adjacent departure for Regime Condition Class

Corridor* ERUs** Adjacent ERUs** for Adjacent ERUs**
Juniper Grass, Pinyon-Juniper High (77) Moderate (56) FRCC | (low departure): 6

Woodland and Semi-Desert percent
Grassland ERUs FRCC Il (moderate

departure): 80 percent

FRCC Il (high departure):
14 percent

* Upland condition is evaluated for each riparian ecological response unit by analyzing the top 2 to 3 dominant adjacent
vegetation/ecological response units by area within the riparian corridor (Y2-mile buffer).

** Seral state departure (current and 100-year projection) values and current fire regime condition class values for
adjacent ecological response units are area weighted by riparian corridor to derive upland condition score/departures.

Key Trends

Risk to the ecological integrity of this ecological response unit is moderate as 56 percent of
streams are rated as impaired, and 24 are rated as unstable. However, the opportunity for
restoration is high because stream reaches in impaired condition have fairly diverse ecological
conditions with the capability of providing improved plant composition and diversity. Therefore
only 24 percent of the ecological response unit has the lowest level of plant diversity and
ecological integrity compared to the 76 percent with moderate ecological integrity. Additionally
the Tonto has a large influence in the sustainability and maintenance of the Fremont Cottonwood-
Conifer ecological response unit at the broader landscape and context scale as most context acres
are concentrated on the Tonto National Forest. On the Tonto National Forest, the Tonto Basin
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local scale should be the focus of improving ecological integrity for the ecological response unit.
This zone has the highest proportion of Fremont Cottonwood-Conifer ecological response unit
acres and streams within this zone are more impaired than the other zones where the Fremont
Cottonwood-Conifer ecological response unit is found.

Water control measures (flood timing, magnitude, and frequency) have had significant impacts to
cottonwood habitats regionally. Many riparian streams have become highly channelized to reduce
overbank flooding and maximize water conveyance to downstream users. These activities and
features have led to the alteration of natural hydrologic regimes, which are unsuitable for natural
regeneration or maintenance of cottonwood riparian forests. These factors have likely influenced
the current conditions for the Fremont Cottonwood-Conifer ecological response unit where there
is a low abundance of vernal flood-adapted species, such as Fremont cottonwood (Populus
fremontii). Drought and changes in water supplies (including surface and subsurface flows) have
also likely influenced the current conditions (drier conditions). This is evident by the shift in
abundance from mesic to xeric species (ecological status analysis). Much of this ecological
response unit is found at mid to high elevations (average elevation of 3,279 feet) where the
adjacent vegetation is at high risk of catastrophic fires — increasing the risk of flooding and
sedimentation at Fremont Cottonwood-Conifer riparian areas.

Cottonwood Group
Elevational range on the Tonto: 1,306 — 6,962 feet. Average elevation: 2,972 feet

Photo 15. Representative images of the Cottonwood Group ecological response unit

The cottonwood group includes Narrowleaf Cottonwood/Shrub, Sycamore-Fremont Cottonwood,
Fremont Cottonwood/Shrub, and Fremont Cottonwood/Oak riparian ecological response units.
Riparian species commonly found in the Cottonwood Group ecological response unit group are
Fremont cottonwood (Populus fremontii), narrowleaf cottonwood (P. angustifolia) and lanceleaf
cottonwood (P. x acuminata), boxelder (Acer negundo), willow species (Salix spp), Arizona alder
(Alnus oblongifolia), Arizona Sycamore (Platanus wrightii), velvet ash (Fraxinus velutina),
Arizona walnut (Juglans major) and desert willow (Chilopsis linearis). Mesquite bosques and
forests (Prosopis spp.) are also a subtype for some mapped riparian areas within this ecological
response unit.

This collective group of ecological response units represents a diverse assemblage of riparian
vegetation, mapped from 1,306 feet to 6,962 feet on the Tonto National Forest. Many of these
riparian species have unique adaptations or strategies that allow them to persist in these high
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disturbance (flooding) environments. These plant strategies include the production of a large
numbers of small seeds in high-frequency disturbance environments, the ability to establish from
broken branches and take root, ability to colonize freshly deposited alluvium or seed beds and
ability to withstand some fire. The range of plant strategies (functional types), species diversity,
and flow characteristics (surface and subsurface) has a high influence on the ecological integrity
of riparian systems. Maintaining a range of functional types is paramount to insuring these
systems are resilient to a range of climatic conditions and disturbances.

Distribution and Representation

The Cottonwood Group ecological response unit is the most abundant riparian ecological
response unit on and off the Tonto National Forest. On the Tonto, this ecological response unit
makes up 67 percent of all riparian ecological response units. It is fairly well distributed across all
local scales, with the highest proportion of Cottonwood ecological response unit acreage at the
Upper Salt and Agua Fria zones. Figure 27 displays the general location of the Cottonwood
Group ecological response unit within the context area and the Tonto National Forest. The
opportunity for the Tonto National Forest to contribute to the ecological integrity of this
ecological response unit at the broader landscape scale (context area) is moderate as 57,063 of the
124,568 acres (46 percent of the context acres) are located on the Tonto (table 51).

Table 51. Distribution of Cottonwood Group (acres and percent) at context, plan, and local scales

Tonto 1 2 3 4 5
National Agua Lower Tonto Upper Lower
Acres Measured Context Forest Fria Verde Basin Salt Salt
Cottonwood Group 124,568 57,063 1,825 17,211 11,896 20,547 5,584
acres
Total RMAP acres* 186,611 84,777 2,318 26,861 22,327 25,427 7,843
Cottonwood Group 67% 67% 79% 64% 53% 81% 71%
Percent of Analyzed
RMAP acres*

* These acres only include the riparian mapping project (RMAP) units analyzed in this assessment: Desert Willow,
Fremont Cottonwood-Conifer, Cottonwood Group, and Ponderosa Pine/Willow ecological response units.

Tonto National Forest Final Assessment Report — 161



Volume | — Chapter 5. Riparian Ecosystems

Flagstaff

L Prescott

Show L W\s
Rringeryille

-
. Scottsdale =~ |5
hoenix =

Mesa

“Casa Grande

Tucson
i

Y

Cottonwood
Riparian Map Units

i) Cottonwood Riparian Ecological
Response (RMAP) Units

Ecological Subsection/ Context Area
r_. Local Scale

Plan Scale

Numeric Value Local Scale Name |
1 Agua Fria
2 Lower Verde
3 Tonto Basin
4 Upper Salt
5 Lower Salt
N
0 10 20 40 Miles {';} J

Figure 27. Cottonwood Group riparian map units

Tonto National Forest Final Assessment Report — 162



Volume | — Chapter 5. Riparian Ecosystems

Key Riparian Ecosystem Characteristics

Riparian Condition

The proportion (33 percent) of unstable streams for this ecological response unit are nearly equal
to the proportion of unstable streams forest-wide (31 percent). While the analysis of riparian
condition by ecological response unit is restricted to the plan area and forest boundary, the Upper
Salt zone has the highest proportion of unstable and impaired streams where the Cottonwood
Group ecological response unit is the most abundant (81 percent of riparian acres) on the Tonto.

Table 52. Riparian condition by Cottonwood Group Riparian ecological response unit and streams
by local and plan scales

Riparian Condition
(percent) by Riparian Riparian Condition (percent) for all Analyzed Streams
ERU (plan scale) by Plan and Local Scale
= Qo c - .
2 = Z 2 3 T g
o s w Q L > o o @
Riparian co ‘2 ~ ~ mg | % w5
Condition =) & > = = Y 2
Class 36 o < S 2 = 4
Unstable 33 31 24 28 37 30 42
Impaired 50 51 25 51 49 62 32
Stable 17 18 51 21 14 8 26

* Riparian condition is analyzed by riparian ecological response unit at the plan scale by intersecting Tonto stream
assessment data by riparian ecological response unit. Reference “Tonto Stream Assessment” section in the
introduction for more information.

** Riparian condition is assessed for all streams by local scale and not for riparian ecological response unit by local scale
because the stream assessment data is not sufficiently distributed across the Tonto to do such analysis.

Ecological Status (Similarity to Site Potential)

Ecological status for the Cottonwood Group ecological response unit is moderately departed from
reference as only 32 percent similarity exists between the potential natural community and the
current plant community. Overall, increases in shrubs and grasses are influencing the dissimilarity
in site potential. Exotic and invasive grass species, such as red brome (Bromus rubens) and
Bermuda grass (Cynodon dactylon), are overabundant while native grasses, such as deer grass
(Muhlenbergia rigens), are poorly represented. While grass abundance is actually higher than
reference conditions, species diversity at sites may be lower due to the overall poor representation
of native species. In general, there is a greater abundance of non-hydrophytic plants (those
growing in drier conditions) than hydrophytic plants (those growing in saturated to wet soil
conditions). A number of functionally important riparian species; such as seep willow (Baccharis
salicifolia), goodings willow (Salix gooddingii) and Arizona sycamore (Platanus wrightii), are
poorly represented at several locations. These species help stabilize stream banks, help slow
water velocity, and decrease the erosive power of flood flows. They also provide important
structural diversity for wildlife habitat. Velvet mesquite (Prosopis velutina) tends to occur further
from the low flow channel (generally below the water table and in contact with the saturated
zone) at higher terraces and along intermittent and ephemeral reaches. The overabundance of
mesquite (Prosopis spp.) also indicates a shift towards drier conditions at sites.

Tonto National Forest Final Assessment Report — 163



Volume | — Chapter 5. Riparian Ecosystems

Table 53. Cottonwood Group ecological response unit lifeform and overall similarity to site potential
(percent similarity)

Similarity
to Site
Potential Species and Lifeforms Over- Species and Lifeforms Under-
Lifeform® | (percent)? represented represented
Forbs Low Yellow Sweetclover (Melilotus Hoary Bowlesia (Bowlesia incana)
(17%) officinalis) Shrubby Deervetch (Lotus rigidus)
Common Horestail (Equisetum
arvense)
Graminoids | Moderate Red Brome (Bromus rubens) Deer Grass (Muhlenbergia rigens)
(36%) Bermuda Grass (Cynodon dactylon) | Arizona Fescue (Festuca arizonica)
Mouse Barley (Hordeum murinum)
Shrubs Moderate Desert Broom (Baccharis Seep-willow (Baccharis salicifolia)
(45%) sarothroides) Sacred Datura (Datura wrightii)
Turpentine Bush (Ericameria
laricifolia)
Trees Moderate Arizona Alder (Alnus oblongifolia) Arizona Sycamore (Platanus
(60%) Velvet Mesquite (Prosopis velutina) wrightii)
Goodings Willow (Salix gooddingii)
All Low Shrubs None
(32%) Graminoids (mostly grasses)
Trees and Forbs slightly over

1. Forbs include all herbaceous flowering plants and graminoids include all grasses, sedges, and rushes.

2. Similarity to site potential is a nominal classification: low (0 to 33 percent), moderate (34 to 66 percent), and high (67 to
100 percent).

Vegetative Groundcover

Groundcover is very similar (73 percent) to reference conditions however some areas do have
impaired soil conditions that are affecting site productivity. For example, several areas within this
ecological response unit lack well-developed surface roots, biotic soils crusts, and litter indicating
impaired site conditions.

Upland Condition

Uplands with degraded ecological conditions are more prone to uncharacteristic wildfire that can
have negative effects on the adjacent riparian systems. While degraded upland conditions do not
always result in direct impacts to riparian areas, they can indirectly affect the discharge, timing,
or duration of streamflow events, and the amount of sediment supplied to a riparian area.

Risk from wildfires has increased as a result of active fire suppression and exclusion in the
adjacent communities. Historically, vegetation near riparian zones were structured in a mosaic-
like pattern with patches of vegetation, creating breaks in fuel-continuity. With increased fuel
loads and large patch sizes, fires are more likely to burn through the riparian corridor. Large
wildfires can also increase flooding and subsequent loss of riparian vegetation. This is supported
by the high number of upland acres classified with moderate to high departure in fire regime (fire
regime condition class Il and fire regime condition class I11). Adjacent vegetation is projected to
increase from moderate departure to high departure (seral state departure) as a result of large
amounts of coarse woody debris and high stand densities — all of which will increase risk to
nearby riparian areas.

While there is little quantitative data on the fire ecology (fire return intervals, frequency, and
intensity) of riparian areas, riparian vegetation likely experienced fire more often along grassland
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and savanna ecosystems and less at chaparral and desert shrublands and conifer forests (Skinner
and Chang 1996). Thirty four percent of the riparian corridor for this ecological response unit
consists of grassland and savanna ecosystems (Semi-Desert Grassland, Juniper Grass, and Pinyon
Juniper Grass ecological response units) while 46 percent consist of chaparral and desert
Shrublands (Interior Chaparral and Mojave Sonoran Desert Scrub ecological response units). A
number of woody shrub species, such as willows (Salix spp.), in this ecological response unit
show some recovery from fires by their ability to resprout. However, fires do not result in
population renewal (that is, create opportunities for the establishment of new individuals) for
these species as it does for fire-adapted species (for example, species that have seeds that
germinate following high temperatures from fires). Other dominant species for this ecological
response unit, such as Fremont cottonwood (Salix gooddingii), rarely resprout and experience
moderate to high mortality following light and severe burns (Stuever 1997).

Table 54. Upland condition analysis for Cottonwood Group ecological response unit

Averaged Averaged 100-
Current Seral year Projection of Percent acres by Fire
Dominate Adjacent upland State departure Seral State Regime Condition Class
vegetation/ERUs at Riparian for Adjacent departure for values for Adjacent
Corridor* ERUs** Adjacent ERUs** ERUs**
Mojave-Sonoran Desert Scrub, Moderate (46) High (69) FRCC | (low departure): 23
Juniper Grass and Semi- percent
Desert Grassland ERUs FRCC Il (moderate
departure): 39 percent
FRCC Il (high departure):
41 percent

* Upland condition is evaluated for each riparian ecological response unit by analyzing the top 2 to 3 dominant adjacent
vegetation/ecological response units by area within the riparian corridor (Y2-mile buffer).

** Seral state departure (current and 100-year projection) values and current fire regime condition class values for
adjacent ecological response units are area weighted by riparian corridor to derive upland condition score/departures.

Key Trends

Risk to the ecological integrity of this ecological response unit is high as only 17 percent of
streams are rated stable. However, the opportunity for restoration is high because stream reaches
in impaired condition (50 percent) provide fairly diverse ecological conditions but have the
capability of providing improved plant composition and diversity and quality riverine habitat.
Therefore only 33 percent of the ecological response unit has the lowest level of plant diversity
and ecological integrity. Risk is especially high at the Lower Salt zone on the Tonto for several
reasons. The Cottonwood ecological response unit represents 81 percent of all riparian ecological
response unit acres at the Lower Salt zone which contains the largest number of unstable streams
than any other local scale on the Tonto National Forest. Also, this zone is close to the Phoenix
metropolitan area where stressors such as heavy recreational use (off-highway vehicle use and
user-created trails in riparian areas) and other activities (mining, road construction, grazing) are
highly concentrated. Competing demands from multiple uses and impacts are most concentrated
at these riparian areas.

Evidence of impaired conditions include the lack of well-developed surface roots and intact soil
crusts (vegetative groundcover analysis), reduction in native grass and forb species abundance
and shifts in abundance to exotic grasses (ecological status analysis), and degraded upland
conditions capable of negatively impacting the nearby riparian areas (upland condition analysis).
While some species in this ecological response unit are capable of some post-fire recovery
(willows, Salix spp.), in general, the increased fuel loads at the surrounding uplands coupled with
stressed conditions (lowered site productivity, moisture deficits) and foreseeable stressors
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(climate change) on the Tonto National Forest are likely to result in lower structural diversity,
lower species diversity (fewer riparian wetland-obligate species) and reduced ecological integrity
for the Cottonwood Group riparian ecological response unit.

Water control measures (flood timing, magnitude, and frequency) have had significant impacts to
cottonwood habitats on the Tonto National Forest and regionally. Many riparian streams have
become highly channelized to reduce overbank flooding and maximize water conveyance to
downstream users. These activities and features have led to the alteration of natural hydrologic
regimes, which are unsuitable for the natural regeneration and maintenance of a number of
important wetland-obligate riparian species (such as Fremont cottonwood, Populus fremontii, and
Goodings willow, Salix gooddingii). Current conditions show reductions in these key riparian
species (ecological status analysis). Although not detected in the terrestrial ecological unit
inventory plot data for the ecological analysis, tamarisk (Tamarix chinesnsis) is present at low
levels (mostly scattered populations) at river segments of this ecological response unit, primarily
along the Verde River and some stretches of the Lower Salt River. Several native riparian taxa,
such as cottonwood and willow, tolerate a much smaller range of depth to groundwater than
tamarisk. Tamarisk generally remains subdominant if site conditions are supporting healthy native
riparian tree species. Tamarisk does not reach high densities on the Tonto as it does at other
locations (for example, lower Colorado River, lower Gila River). Several stretches of the lower
Salt River have high stand densities of tamarisk but mainly downstream off the Tonto National
Forest. Tamarisk dominance over native taxa tends to occur on rivers with large departures in
flow regimes — such as deeper groundwater levels, larger fluctuations in groundwater, and
intermittent stream flows (Stromberg et al. 2005). Therefore, tamarisk dominance should be
viewed as an indicator of degrading riparian conditions instead of the primary cause of
degradation. Additionally, the management of this species requires site-specific analysis as it has
become habitat for some endangered or sensitive species, such as the southwestern willow
flycatcher (E. t. extimus).

Ponderosa Pine/Willow
Elevational range on the Tonto: 4,436 — 7,044 feet. Average elevation: 5,679 feet.

Ponderosa Pine/Willow is typically found at elevations ranging from 4,500 to 9,700 feet and is
characterized by an overstory of ponderosa pine with an understory of shrub-form willow species.
As a result of the pine overstory, this map unit is particularly hard to distinguish from pine-oak
systems of similar physiognomy and is believed to be under-represented in the mapping. Other
riparian species commonly found in this ecological response unit include oneseed juniper
(Juniperus monosperma) and Arizona white oak (Quercus arizonica), Arizona walnut (Juglans
major), box elder (Acer negundo), and velvet ash (Fraxinus velutina).
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Photo 16. Ponderosa Pine/Willow ecological response unit

Distribution and Representation

The Ponderosa Pine/Willow ecological response unit makes up 4 percent of analyzed riparian
ecological response unit acreage (least abundant ecological response unit) at the context scale. On
the Tonto, this ecological response unit is also the least abundant, making up 7 percent of all
analyzed riparian ecological response units. This ecological response unit is found only at the
Lower Verde, Tonto Basin, and Upper Salt local zones and is most abundant at the Lower Verde
(14 percent of riparian acres). Figure 28 displays the general location of the Ponderosa
Pine/Willow ecological response unit within the context area and the Tonto National Forest. The
opportunity for the Tonto National Forest to contribute to the ecological integrity of this
ecological response unit at the broader landscape scale (context area) is high as 6,063 of the 7,146
acres (85 percent of the context acres) are located on the Tonto (table 55).

Table 55. Distribution of Ponderosa Pine/Willow (acres and percent) at context, plan, and local
scaless

Tonto 1 2 3 4 5
National Agua Lower Tonto Upper Lower
Acres Measured Context Forest Fria Verde Basin Salt Salt
Ponderosa 7,146 6,063 - 3,686 2,234 143 -

Pine/Willow acres

Total RMAP acres* 186,611 84,777 2,318 26,861 22,327 25,427 7,843

Ponderosa 4% 7% -- 14% 10% 1% --

Pine/Willow Percent

of Analyzed RMAP
acres*

* These acres only include the riparian mapping project (RMAP) units analyzed in this assessment: Desert Willow,
Fremont Cottonwood-Conifer, Cottonwood Group, and Ponderosa Pine/Willow ecological response units.
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Key Riparian Ecosystem Characteristics

Riparian Condition

The Ponderosa Pine/Willow ecological response unit has the lowest proportion of unstable
streams compared to the other riparian ecological response units and a lower proportion (20
percent) of unstable streams than overall stream conditions forestwide (31 percent). Overall
riparian stream conditions at the Lower Verde zone (where the Ponderosa Pine/Willow ecological
response unit is most abundant) closely matches overall stream conditions forestwide with
slightly more streams rated stable. Riparian conditions are more impaired at the Tonto Basin zone
where the Ponderosa Pine/Willow ecological response unit is the 2" most abundant on the Tonto.

Table 56. Riparian condition by Ponderosa Pine/Willow riparian ecological response unit and
streams by local and plan scales

Riparian Condition
(percent) by Riparian Riparian Condition (percent) for all Analyzed Streams
ERU (plan scale) by Plan and Local Scale
o c +— 4
g3 3 = 3| s8] §| %
o 2= o o I 9 s o »
Riparian giﬁ ‘2 i ~T oo | ¥5 05
Condition €2 IS > 2 < s 2
Class oa o < S L2 = -
Unstable 20 31 24 28 37 30 42
Impaired 57 51 25 51 49 62 32
Stable 23 18 51 21 14 8 26

* Riparian condition is analyzed by riparian ecological response unit at the plan scale by intersecting Tonto stream
assessment data by riparian ecological response unit. Reference “Tonto Stream Assessment” section in the
introduction for more information.

** Riparian condition is assessed for all streams by local scale and not for riparian ecological response unit by local scale
because the stream assessment data is not sufficiently distributed across the Tonto to do such analysis.

Ecological Status (Similarity to Site Potential)

Ecological status for the Ponderosa Pine/Willow ecological response unit is moderately departed
from reference conditions as only 34 percent of similarity exists between the potential natural
community and the current plant community. However, this ecological response unit has the
highest level of similarity to site potential than any of the other riparian ecological response units
analyzed on the Tonto National Forest. The overall increase in shrubs, and to some degree grasses
and forbs, is influencing departure from reference conditions. While a moderate representation of
grasses indicate productive and healthy riparian areas, species diversity may be lower at sites as
several important native grasses, such as sideoats grama (Bouteloua curtipendula), are poorly
represented overall. The low forb similarity is largely a result of the complete absence of some
forbs and large increases in others, such as common yarrow (Achillea millefolium). Some areas
have more juniper (Juniperus spp.) and oak (mainly Emory oak, Quercus emoryi), but these
species are not atypical of this riparian ecological response unit. With the exception of the slight
increases of some species that tend to occupy drier sites, such as Acacia and Manzanita, the
moderate representation and abundance of native species suggest local site conditions (available
plant moisture) are more or less within the range of conditions necessary to support riparian
vegetation and ecological health.
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Table 57. Ponderosa Pine/Willow ecological response unit lifeform and overall similarity to site

potential (percent similarity)

Similarity
to Site
Potential Species and Lifeforms Over- Species and Lifeforms Under-
Lifeform? (percent)? represented represented
Forbs Low (7%) Common Yarrow Eriogonum spp.
(Achillea millefolium)
Lotus spp.
Graminoids | Moderate Squirreltail (Elymus elymoides) Desert Needlegrass (Achnatherum
(37%) Hairy Grama (Bouteloua hirsuta) speciosum)
Blue Grama (Bouteloua gracilis) Sideoats Grama (Bouteloua
curtipendula)
Shrubs Moderate | Manzanita (Arctostaphylos pungens) Sonoran Scrub Oak (Quercus
(65%) Skunkbush (Rhus trilobata) turbinella)
Fern Acacia (Acacia angustissima) Mountain Mahogany (Cercocarpus
mountanus)
Trees Moderate Alligator Juniper (Juniperus Ponderosa Pine (Pinus ponderosa)
(57%) deppeana)
Emory Oak (Quercus emoryi)
All Moderate Graminoids (mostly grasses) Trees
(34%) Shrubs
Forbs slightly over

1. Forbs include all herbaceous flowering plants and graminoids include all grasses, sedges, and rushes.

2. Similarity to site potential is a nominal classification: low (0 to 33 percent), moderate (34 to 66 percent), and high (67 to
100 percent).

Vegetative Groundcover

Groundcover matches (100 percent similarity) reference conditions, indicating a sufficient
amount of vegetation and litter.

Upland Condition

Uplands with degraded ecological conditions are more prone to uncharacteristic wildfire that can
have negative effects on the adjacent riparian systems. While degraded upland conditions do not
always result in direct impacts to riparian areas, they can indirectly affect the discharge, timing,
or duration of streamflow events, and the amount of sediment supplied to a riparian area. Risk
from wildfires has increased as a result of active fire suppression and exclusion in the adjacent
communities. Historically, vegetation near riparian zones were structured in mosaic-like patterns
with patches of vegetation creating breaks in fuel-continuity. With increased fuel loads and large
patch sizes, fires are more likely to burn through the riparian corridor. Large wildfires can also
increase flooding and subsequent loss of riparian vegetation. While there is little quantitative data
on the fire ecology (fire return intervals, frequency, and intensity) of riparian areas, riparian
vegetation likely experienced fire more often along grassland and savanna ecosystems and less at
chaparral and desert shrublands and conifer forests (Skinner and Chang 1996). Ponderosa pine
forests (Ponderosa Pine - Evergreen Oak ecological response unit) and mixed conifer (Mixed
Conifer - Frequent Fire ecological response unit) dominate the riparian corridor of this ecological
response unit.

Risk from wildfire is high for this ecological response unit as a high percentage of the upland
vegetation is at an increased risk of altered fire behavior (93 percent of acres classified in fire
regime condition class Il and fire regime condition class I11). Fires in these ecosystems are
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burning at higher severities than reference conditions. The Ponderosa Pine/Willow ecological
response unit is located within ponderosa pine forests where large catastrophic fires, such as the
1990 Dude Fire, have had lasting effects on the landscape. Willows (Salix spp.), the dominant
understory species for this ecological response unit, show some recovery from fires by their
ability to resprout. However, fires do not encourage population renewal (that is, create
opportunities for the establishment of new individuals) for these species as it does for fire-adapted
species (for example, species with seeds that germinate following high temperatures from fires).
While projections show some improvements (high to moderate departure in seral state departure),
risk of wildfire to riparian areas is still moderate after 100 years under current management. This
is due to the large amounts of coarse woody debris and high stand densities on the landscape.

Table 58. Upland condition analysis for Ponderosa Pine/Willow ecological response unit

Averaged Averaged 100-
Current Seral year Projection Percent acres by Fire
Dominate Adjacent upland State departure of Seral State Regime Condition Class
vegetation/ERUs at Riparian for Adjacent departure for values for Adjacent
Corridor* ERUs** Adjacent ERUs** ERUs**
Ponderosa Pine Evergreen Oak and High (70) Moderate (49) FRCC | (low departure): 7
Mixed Conifer-Frequent Fire ERUs percent

FRCC Il (moderate
departure): 46 percent

FRCC Il (high departure):
47 percent

* Upland condition is evaluated for each riparian ecological response unit by analyzing the top 2 to 3 dominant adjacent
vegetation/ecological response units by area within the riparian corridor (Y2-mile buffer).

** Seral state departure (current and 100-year projection) values and current fire regime condition class values for
adjacent ecological response units are area weighted by the riparian corridor to derive upland condition
score/departures.

Key Trends

While the mapping of riparian ecological response units is limited at the context scale, based on
current mapping the Tonto National Forest has a high influence on the sustainability and
maintenance of the Ponderosa Pine/Willow riparian ecological response unit as 85 percent of the
context acres are on the Tonto. Current conditions are not as impaired for this ecological response
unit as for other ecological response units. This is evident by the lower proportion of impaired
and unstable streams (riparian condition analysis) and moderate representation of riparian
vegetation (ecological status analysis). Additionally, the opportunity for restoration is high
because over half the streams for this ecological response unit on the Tonto are rated as impaired
(riparian condition analysis). Stream reaches in impaired condition provide fairly diverse
ecological conditions but have the capability of providing improved plant composition, species
diversity, and quality riverine habitat. Only 20 percent of this ecological response unit is rated as
unstable. Therefore, only 20 percent has the lowest level of plant diversity and ecological
integrity.

Risk to the ecological integrity for the Ponderosa Pine/Willow ecological response unit is higher
at the Tonto Basin zone and lower at the Lower Verde zone. Over half (61 percent) of the
Ponderosa Pine/Willow ecological response unit acres are located at the Lower Verde zone where
overall riparian conditions (all analyzed streams) are much better than the other local zones on the
Tonto. The Tonto Basin zone has the second most degraded riparian conditions (86 percent of
streams are impaired and unstable) forestwide and 37 percent of the Ponderosa Pine/Willow
ecological response unit acres are located at this zone.
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Some streams in this ecological response unit are subject to recreational impacts (especially along
the Mogollon Rim), however a number of streams are located in inaccessible areas with steep
terrain. Perhaps the biggest stressor for this ecological response unit is catastrophic wildfires
occurring at the surrounding uplands and watersheds. Current and projected conditions show
highly stressed uplands (Ponderosa Pine - Evergreen Oak and Mixed Conifer - Frequent Fire
ecological response units) with high fuel loads. While willow shrub species (Salix spp.), the
dominant understory species for this ecological response unit, show some recovery from fires
they are not fire-adapted species. In addition to the indirect impacts of fire (increased flooding
and sedimentation), potential direct impacts to riparian vegetation ecosystems include reduced
site productivity (loss of soils and key riparian species) and lowered structural diversity. These
impacts are more pronounced at areas experiencing drier conditions (lower moisture content,
more susceptible to burning). The interaction of increasing occurrences of catastrophic wildfires
and climate change impacts (drying conditions and increased flooding) are likely to further stress
these riparian systems.

Risk to Ecological Integrity of Riparian Ecosystems

For this assessment, risk is a direct interpretation of departure. Risk is defined here by the
likelihood and severity of negative ecological outcomes. First, an analysis of stream bank stability
of riparian ecosystems on the Tonto National Forest is presented. Second, risk to key riparian
ecosystem characteristics and the impacts on the ecological integrity of riparian ecological
response units is discussed. The last section concludes with the overall risk to riparian ecosystems
on the Tonto National Forest (incorporating the analyses from sections one and two).

Analysis of Riparian Vegetation on Stream Bank Stability and
Ecological Integrity

Riparian vegetation can have varying degrees of influence on the stability of riparian ecosystems.
In addition to riparian vegetation, other key factors that influence stability include the stream
morphology, geomorphology, and hydrology (surface and subsurface flows, flood frequency;,
timing, and magnitude). Sampled streams on the Tonto National Forest have been inventoried
following the Rosgen (1996) stream classification. Table 59 describes the Rosgen (1996) stream
type, description of key processes, proportion of stream types on the Tonto, and the influence of
riparian vegetation on stream bank stability by stream type. While healthy riparian vegetation is
critical for all riparian systems, this analysis highlights the stream types and proportions on the
Tonto where riparian vegetation has a disproportionate influence on key ecosystem processes. A
specific stream type may rely on woody streambank vegetation for stream bank stability (for
example, low-elevation riparian areas with wide floodplains) more than another stream type (for
example, canyon settings with large boulders).

Fifty percent of the classified streams types (B, Bc, and C) have moderate to high sensitivity to
impacts. The riparian areas consists of narrow, gently sloping valleys with moderately sized
floodplains and broad valleys with terraces and alluvial soils with larger floodplains. These
riparian areas are more influenced by negative impacts because they generally occur at low to
mid elevations where most impacts are concentrated. Riparian bank vegetation is an important
component of the stability of these streams, and over 55 percent of these stream types are rated as
impaired. Maintaining a diversity of bank-stabilizing species for these riparian areas should be
considered in the development of the Forest Plan. Other streams are inherently unstable by
definition (D, F) and make up roughly 42 percent of the assessed streams. Some reaches of these
streams are showing signs of recovery (floodplain building) and it is suspected that a number of
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these streams were stable with more developed floodplains (similar to C-type streams) at one

time.

Table 59. Rosgen stream type, description, percent of all classified streams on the Tonto and
influence of riparian vegetation on stream bank stability

entrenched gullies with no access to a floodplain. They evolve
from a more stable stream type due to some natural or
management caused disturbance. They will continue to widen
until they become an F-type stream.

Influence of
Percent of riparian
classified vegetation
streams on stream
Stream on the bank
Type Description Tonto NF stability
A A-type streams are the steep, narrow streams of headwaters. 6 Low
They are typically step/pool systems with large sediments,
inherently stable and have a high gradient (greater than 4%).
B B-type streams are moderately entrenched, containing narrow 30 Moderate
floodplains, and have a moderate gradient (2 to 4%), some
inherent stability and moderately sensitive to disturbance.
Bc Bc-type streams are moderately entrenched have narrow 10 Moderate
floodplains (similar to B-type) and a low gradient (similar to C-
type). These streams are vulnerable to disturbances.
C C-type streams are not entrenched and have very wide 10 High
floodplains which are able to dissipate flood flows and support
extensive riparian areas. They have a low gradient (0 to 2%)
and display the typical riffle/pool sequence of a meandering
stream. C-type streams are sensitive to any disturbance
D D-type streams evolve from a more stable stream type due to 8 Low
some natural or management caused disturbance but widen
rather than downcutting. They straighten, steepen, and become
braided. Braided streams have more than one channel and may
change main channels with each high flow. This results in a loss
of riparian vegetation and an unstable floodplain.
F F-type streams are highly entrenched (downcut), with little or no 34 Low
floodplain to dissipate flood flows. Consequently, high flows are
concentrated in the stream channel rather than in overbank flow
which results in streambank erosion and loss of riparian
vegetation. They usually evolve from a more stable stream type
due to some natural or management caused disturbance. These
stream types are generally unstable and extremely sensitive to
disturbance.
G G-type streams are unstable, moderately steep (2 to 4%), 2 Low
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Risk to Key Riparian Ecosystem Characteristics

Table 60 displays a risk matrix for riparian ecosystem characteristics. The following describes the
analysis methods in deriving risk categories for each ecosystem characteristic:

1. Riparian condition risk is a weighted score/calculation where more weight is given to
the proportion of streams in unstable rankings (weight of 0.75) and less weight is given to
the proportion of streams in impaired rankings (weight of 0.25). Impaired streams are
given less weight because they provide a moderate level of diversity with the potential to
improve conditions compared to unstable streams. The assigned risk ranking is then
based on the final weighted score ranges: 0 to 33 percent (low risk), 34 to 66 percent
(moderate risk) and 67 to 100 percent (high risk). Riparian condition risk formula:
Weighted riparian condition score = (proportion of unstable streams x 0.75) +
(proportion of impaired streams x 0.25)

2. Upland condition risk is assessed using the weighted upland ecological response unit
values within the riparian corridor for each riparian ecological response unit. Ranking is
based on the class (fire regime condition classes I, I1, and 111) with the highest proportion
of acres. For example, if the highest proportion of upland acres fall into fire regime
condition class 1l (moderate departure in fire regime) for a given riparian ecological
response unit, the upland condition risk ranking is moderate.

3. Ecological status risk is the inverse rating of similarity to site potential where low
similarity is high risk, moderate similarity is moderate risk, and high similarity is low
risk.

4. Upland condition risk is the inverse rating of groundcover similarity where low
similarity is high risk, moderate similarity is moderate risk, and high similarity is low
risk.

Table 60. Risk matrix for riparian ecosystem characteristics

Key Riparian Ecosystem Characteristics and Risk?!
Riparian Ecological Vegetative Upland
Riparian ERUs Condition Status Groundcover Condition
Desert Willow High No Data No Data Low
Fremont Cottonwood- .
Conifer High Low Moderate
Cottonwood Group Moderate-High Low
Ponderosa Pine/Willow Moderate Moderate Low

! Risk is a nominal classification: low (0 to 33 percent), moderate (34 to 66 percent), and high (67 to 100 percent)

With the exception of vegetative groundcover, most riparian ecosystem characteristics show
moderate to high risk. All vegetative material is considered in the analysis of vegetative
groundcover while species composition is not considered. However, both vegetative groundcover
and species composition are important components of the ecological health of riparian areas. A
number of sites on the Tonto have atypical plant communities compared to the potential plant
community (that is, low similarity to site potential) which is likely contributing to impaired and
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unstable conditions (riparian condition analysis). For example, a number of ecological response
units on the Tonto National Forest (Cottonwood Group ecological response unit) have a greater
abundance of exotic grasses and forbs that provide sufficient groundcover; however, these species
may be impairing ecosystem function (changes in soil moisture retention, lower biodiversity,
etc.). The presence or absence of certain species can illuminate changes in local site conditions as
riparian species have strong affinities for specific moisture requirements (for example, some are
groundwater dependent). In general, there are increases in trees and shrubs, many of which are
found more often at drier sites — indicating a trend of drying conditions at sites.

Uplands with degraded ecological conditions that are more prone to uncharacteristic wildfire can
have negative effects on adjacent riparian systems. While degraded upland conditions do not
always result in direct impacts to riparian areas, they can indirectly affect the discharge, timing,
or duration of streamflow events and the amount of sediment supplied to a riparian area. The only
ecological response unit with low upland condition risk is the Desert Willow ecological response
unit. Desert Willow riparian streams are located within sandy washes (mostly Sonoran Desert
Scrub) that are naturally unstable and capable of transporting relatively large volumes of
sediment following flood events. Therefore, indirect effects from wildfires in the uplands are
unlikely to have significant impacts to Desert Willow riparian areas. Direct impacts from fires are
likely minimal and localized. Direct impacts are more likely to occur following droughts (less
moisture at the riparian zone) and when the surrounding vegetation is capable of producing large
enough fuel loads (for example, dense vegetation with exotic grass component).

Overall Risk to Ecological Integrity of Riparian Ecosystems

Risk Forestwide

Cottonwood ecosystems (Cottonwood Group and Fremont Cottonwood-Conifer ecological
response units) are limited in the southwestern United States. They have experienced dramatic
reductions over the past century and are at very high risk of degradation on and off the Tonto
National Forest from multiple stressors, such as water control efforts, conflicting demands,
climate change, and drought. These habitats are some of the most important riparian ecosystems
in the Southwest — they are rich in biodiversity and support a number of at-risk species on the
Tonto. While the Tonto National Forest does not have a high amount of the Cottonwood Group
ecological response unit context acres (that is, low influence on sustainability at the broader
landscape scale), this ecological response unit is the most abundant on the Tonto (67 percent of
riparian acres).

Water control measures (irrigation diversions, dams, groundwater pumping) have had significant
impacts to cottonwood ecosystems (Cottonwood Group, Fremont Cottonwood-Conifer and
Ponderosa Pine/Willow ecological response units) regionally and on the Tonto National Forest.
Altered flows (timing, magnitude, frequency) have, and continue to have, strong and lasting
impacts on these ecosystems. A number of riparian key species are groundwater dependent —
some requiring permanent shallow groundwater sources, such as willows (Salix spp.) and
cottonwoods (Populus spp.). Additionally, these riparian species depend on the timing between
seed dispersal and the floods that create seedbeds or opportunities for species to establish. Many
riparian areas have become altered because flows do not coincide with the phenology (for
example, seed dispersal) of the species. This has likely influenced the low abundance of these
species on the Tonto (ecological status analysis). Also, without periodic flooding, structural
diversity (fewer age groups) is lowered and further reduces ecological integrity. Because riparian
species tend to have specific moisture regimes, the presence or absence of certain species can
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indicate changes in local site conditions. Most of the cottonwood ecosystems (specifically the
Cottonwood Group ecological response unit) on the Tonto show an overall reduction in wetland-
obligate species (occurs only at wetlands) and increases in facultative upland and upland species
(occurs only at uplands). Current conditions show an overabundance of species that tend to occur
at drier sites, indicating a shift from mesic/wet to more xeric/dry conditions at locations on the
Tonto.

Recreational pressure is an increasing risk to all riparian ecological response units on the Tonto
National Forest, especially riparian areas that experience heavy use (Cottonwood Group, Fremont
Cottonwood-Conifer and Desert Willow ecological response units). At the watershed level, the
high densities of roads have also influenced impaired stream conditions forestwide. Roads
directly affect the natural sediment and hydrological regimes by altering stream flow, sediment
loading, sediment transport and deposition, channel morphology, channel stability, substrate
composition, stream temperatures, water quality, and riparian conditions in the watershed (USDA
Forest Service 2000). Also, the high density of user-created trails, trampling, off-highway vehicle
use, and herbivory at sites are resulting in impaired riparian conditions. At some areas, fences and
enclosures have become damaged (fire, recreation, and fallen trees) where livestock and wildlife
(elk) are causing negative impacts to riparian areas (compacted soils and reduced streambank
vegetation).

Most riparian ecological response units have low similarity to the potential reference plant
community. A number of species have become naturalized in these systems (such as mullein, and
sweetclovers) where they have effectively filled in the spaces and are now part of the potential
plant community. Other sites are experiencing increases in exotic and invasive species that have
strong implications on the stability of riparian ecosystems (for example, increases in surface-
rooted grass species and declines in deep-rooted soil binding grass species). Although not
detected in the terrestrial ecological unit inventory plot data for the ecological analysis, tamarisk
(Tamarix chinesnsis) is present in cottonwood habitats (mainly the Cottonwood Group ecological
response unit) at low levels, mostly scattered populations primarily along the Verde River and
some stretches of the Lower Salt River. When site conditions are not favorable for native riparian
taxa (such as willows and cottonwood), tamarisk can rapidly increase and dominate reaches. This
tends to occur in rivers with large departures in flow regimes — such as deeper groundwater
levels, larger fluctuations in groundwater, and intermittent stream flows (Stromberg et al. 2005).
Drying trends, changes in flood frequency, and reductions in native canopy cover can increase the
risk associated with tamarisk establishment. Therefore, tamarisk establishment and dominance
should be viewed as an indicator species for degrading riparian conditions instead of the primary
cause of degradation. Additionally, the management of this species requires site-specific analysis
as it has become habitat for some endangered or sensitive species, such as the southwestern
willow flycatcher (E. t. extimus).

Most mid- to high-elevation riparian areas (Fremont Cottonwood-Conifer, Cottonwood Group
and Ponderosa Pine/Willow) are at risk from wildfire effects at the watershed scale. However,
cottonwood ecosystems (Fremont Cottonwood-Conifer and Cottonwood Group ecological
response units) are likely the most sensitive and at-risk from climate change effects and increased
wildfires in the riparian zone as a number of key species for these communities, such as Fremont
cottonwood (Populus fremontii), are groundwater dependent, easily top-killed, and rarely resprout
following fires (not fire-adapted). Risk to the Ponderosa Pine/Willow ecological response unit is
moderate to high; however, some willows (Salix spp.) show recovery from fire (resprouting) but
are not fire-adapted species.
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Risk by Local Scale

Forestwide, conditions are most impaired at the Upper Salt, Lower Salt, and Tonto Basin zones
(proportion of unstable and impaired streams). Significant amounts of the Desert Willow and
Cottonwood Group ecological response unit acres are concentrated at these scales. The Upper
Salt zone also has the highest proportion of inventoried C-type streams where riparian vegetation
has very strong influence on the stability and ecological integrity of these ecosystems. Risk to
these ecological response units at these zones is high, because they border the Phoenix
metropolitan area where heavy recreational impacts (roads, user-created trails, off-highway
vehicle use) occur. Water withdraws are also of concern as many of these riparian species are
groundwater dependent, and projections of increasing aridity, climate change effects and
increasing water demands are likely to further exacerbate conditions — specifically among desert
riparian ecosystems (Cottonwood Group and Desert Willow ecological response units).

Conditions are less impaired at the Agua Fria and Lower Verde zones (proportion of unstable and
impaired streams) with the Agua Fria zone having the highest proportion (51 percent) of stable
streams forestwide. A moderate amount of the Pondersoa Pine/Willow and Fremont Cottonwood-
Conifer ecological response unit acres are found at these scales. Riparian vegetation has low to
moderate influence on stream bank stability in these areas. Some systems have highly entrenched
channels with little or no floodplain to dissipate flood flows where riparian vegetation is
frequently scoured (F-type streams). Others have wide floodplains which are able to dissipate
flood flows and support extensive riparian vegetation (C-type streams). Some of these areas are
not as susceptible to negative impacts from recreation as other areas on the Tonto due to their
inaccessibility (steep terrain, landscape features, remoteness). However, wildfire risk to riparian
ecosystems at these scales (specifically the Fremont Cottonwood-Conifer and Ponderosa
Pine/Willow ecological response units) is high from the accumulation of coarse woody debris and
high stand densities near the riparian zone and watershed. In particular, risk is especially high for
the Fremont Cottonwood-Conifer ecological response unit where dominant wetland-obligate
species, like Fremont cottonwood (Populus fremontii), are easily killed following fires.

Table 61. Riparian stream condition by local and plan scales and riparian ecological response units

Scale/zone of Analysis and Riparian ERUs Riparian Stream Condition (percent)

Unstable Impaired Stable

Aqua Fria zone 24 25 51

Lower Salt zone 42 32 26

Lower Verde zone 28 51 21

Tonto Basin zone 37 49 14

Upper Salt zone 30 62 8

Forest-Wide Conditions (plan scale) 31 51 18

Desert Willow ERU 59 19 22

Fremont Cottonwood-Conifer ERU 24 56 20

Cottonwood Group ERU 33 50 17

Ponderosa Pine/Willow ERU 33 50 17

Shaded cells display where conditions are most degraded (unstable and impaired) and most stable among scales of
analysis and riparian ecological response units.
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Summary and Key Findings

This assessment reviews the best available information at the forest and broader landscape scale,
to assess the ecological integrity of the Tonto National Forest’s riparian resources under current
Forest Plan direction. Ecosystem integrity was assessed by evaluating key characteristics
including riparian condition (ecosystem function and integrity), ecological status (vegetation
composition and community structure), vegetative groundcover (ecosystem function), and upland
condition (wildfire risk).

Riparian areas on the Tonto National Forest are a focal point for humans, wildlife, and livestock
activities, as well as groundwater-dependent species. Therefore, both demands and impacts are
high. Risk to the ecological integrity of riparian ecological response units is moderate to high
across the Tonto. Not all activities and stressors are equally impacting riparian ecological
response units on the Tonto. Riparian areas in proximity to urban areas and highly accessible to
users tend to have a greater concentration of negative impacts. A significant proportion of the
Desert Willow and Cottonwood Group ecological response units are concentrated at such areas on
the Tonto (Lower Salt and Upper Salt local zones). Other ecological response units, such as the
Fremont Cottonwood-Conifer, Ponderosa Pine/Willow, and Cottonwood Group, are especially
sensitive to the compounded effects of drying conditions (climate change and drought),
increasing pressure of water demands (surface and subsurface flows), and wildfire risks. These
highly impacted locations and sensitive riparian areas and ecological response units should be
considered in the development of the forest plan. Wildfire risks are high for a number of riparian
areas, mainly at mid- to high-elevation ecological response units (specifically Fremont
Cottonwood-Conifer and Ponderosa Pine/Willow) on the Tonto. Post-fire effects can result in
excessive erosion, sediment deposition in riparian areas, and negative impacts to wildlife habitat.

Climate change is an emerging stressor that will increase the risk to the ecological integrity of
riparian resources on the Tonto National Forest. Riparian ecosystems will experience increases in
air and surface water temperatures; alterations in the magnitude, duration, and seasonality of
precipitation and run-off; and shifts in reproductive phenology and distribution of plants and
animals. Climate change is also projected to lead to increased frequency and severity of extreme
weather events (for example, increased flooding). Because of the scarcity of water resources in
the Southwest, the Tonto National Forest has a significant responsibility for managing and
maintaining the ecological integrity and sustainability of riparian ecosystems. Surface flows are
intricately connected to subsurface flows and water withdraws off the Tonto National Forest can
negatively impact riparian vegetation on the Tonto. The high demands of water resources from
local state and regional levels increase the risk of water resources on the Tonto. These demands
will also increase as climate change projections of increasing aridity and drought further stress
these ecosystems (IPCC 2007; Seager et al. 2007). While climate conditions, drought, and water
allocation are outside the scope of forest management, the Tonto can look for opportunities to
monitor climate change influences and reduce the risk of riparian ecosystems by considering the
key characteristics and their status identified at the project level.

Riparian restoration and maintenance should be focused on restoring healthy functioning
ecosystems. Additionally, Tonto National Forest personnel should consider novel ecosystems
(atypical plant and animal communities including exotics and invasives) and their impact on
ecological integrity with current and foreseeable stressors. Current conditions show a large
proportion unstable and impaired stream conditions on the Tonto. However, stream reaches with
impaired conditions provide fairly diverse ecological conditions but have the capability of
providing improved plant composition and diversity and quality riverine habitat compared to
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unstable streams. Riparian areas with unstable streams are more likely to have degraded
conditions and therefore are less capable of recovery. Therefore the opportunity to restore riparian
areas on the Tonto National Forest is high as nearly half of the assessed streams are in impaired
conditions and another 18 percent are stable.
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Introduction

The Tonto National Forest was created at the request of irrigators in the Salt River Valley and the
Reclamation Service to protect the watershed above the Salt River Valley.

Farmers in the Salt River Valley were faced with severe water supply problems in the late 1880s
and early 1900s due to drought conditions. During drought years, there was insufficient water to
meet all their needs. At other times when the rains did come, they resulted in raging torrents that
swept down the river channels and destroyed the diversion structures for the irrigation canals
(Marcus 1983). The reduced supply of water available during the severe drought of the 1890s and
early 1900s was attributed to denudation of forest lands by timber operations and overgrazing, as
well as to climatic circumstances (Holsinger 1904 in Marcus 1983). The farmers of the Salt River
Valley expressed interest in the creation of forest reserves for prolonging snow cover and
providing a more dependable year-round water supply.

The Reclamation Service was concerned with preventing erosion and siltation which could
profoundly impact reservoir projects (Marcus 1983). Reclamation was concerned about the effect
of overgrazing on watershed condition and the potential to exacerbate erosion and siltation of
reservoirs. Reclamation lobbied for the inclusion of millions of acres of key western watersheds
in the forest reserve system because they knew the Forest Service had the authority to prevent
overgrazing on National Forest System lands (Marcus 1983).

A report prepared in 1905 recommended creating the Tonto Forest Reserve for the protection of
timber and watershed (Cohoon and Holsinger 1905 cited in Marcus 1983). The report identified
that the U.S. Reclamation Service believed establishment of the forest reserve was essential for
the success of the Tonto Dam Project (Roosevelt Dam) and that Salt River Valley water users
were also unanimously in favor of the Reserve (Marcus 1983). Acting on this report, President
Theodore Roosevelt created the Tonto Forest Reserve on October 3, 1905. The original
proclamation included 1,115,000 acres located below the Mogollon Rim and above 4,000 feet
elevation. At the time of reservation, the condition of the Salt and Verde River watershed, already
stressed from drought, was rapidly deteriorating due to overgrazing (Cohoon 1904, Holsinger
1904, Croxen 1926, cited in Marcus 1983). On January 13, 1908, primarily at the urging of the
Reclamation Service, the size of the Tonto Forest Reserve was more than doubled to provide
additional watershed protection for lands draining into Roosevelt Lake, for lands along the west
side of the Mazatzal Mountains, and for lands draining to a proposed reservoir on Queen Creek
(Marcus 1983).

The 2012 Planning Rule

Implementation of the 2012 Planning Rule requires preparation of an assessment that, in terms of
water resources, “should identify and evaluate available information for watersheds and water
resources (surface and groundwater) and their role in sustaining the structure and function of
terrestrial, riparian, and aquatic ecosystems within the plan area and beyond the plan area where
relevant to the plan” (Forest Service Handbook 1909.12, chapter 10, section 12.23).

The purpose of this analysis is to evaluate water resource characteristics that are most important
for development of plan components. This analysis includes an evaluation of current and historic
(where possible) water resources, disturbances and processes, trends and projected future
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conditions, and an evaluation of ecosystem risks with the objective of identifying specific
ecological need for changes in the forest plan.

Water resource characteristics important for sustaining the structure and function of ecosystems
and for identifying need for changes in the forest plan are displayed in table 62.

Table 62. Water resource features and key ecosystem characteristics assessed

Water Resource Feature

Ecosystem Characteristic

Watersheds Extent
Condition

Streams Extent
Condition

Water quantity

Springs and Seeps

Number
Development

Stock tanks

Number

Water Yield

Precipitation

Stream Flow
Groundwater Recharge/Discharge
Water Uses and Demands

Water quality Assessment of conditions on Tonto
National Forest

Water rights Numbers
Location

Data

Data used for analysis of water features such as streams, springs, and riparian areas are from the
Tonto National Forest GIS datasets, including National Hydrography Data from the U.S.
Geological Survey, water quality data from the Arizona Department of Environmental Quality,
water rights data from the Arizona Department of Water Resources, and on-site data collected by
the Tonto National Forest personnel. Additional data were used as indicated by references
throughout this report.

To assess the miles of perennial streams both in the boundaries of the Tonto National Forest and
the context area beyond those boundaries, it was necessary to use data that are less accurate than
data available specifically for the Tonto National Forest. Perennial stream miles were estimated
using the National Hydrography Dataset. The Arizona Department of Water Resources has
updated much of the National Hydrography Dataset information available within the context area
and provided the updated information to the Tonto National Forest. The updated dataset was used
for the perennial stream analysis. Data developed by the Tonto National Forest from the Arizona
Department of Water Resources National Hydrography Dataset GIS layers were used for
assessing perennial, intermittent, and ephemeral stream miles within the boundaries of the Tonto
National Forest.

Scales of Analysis

This analysis is based on a variety of watershed scales. Watersheds are defined by the extent of
the topographic area that drains to a single point in a stream or river system. Watersheds are
cataloged using a uniform hierarchical system developed by the U.S. Geological Survey. The
United States is divided and subdivided into successively smaller hydrologic units, or watersheds.
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The hydrologic units are nested within each other and range from the largest (regions) to the
smallest (subwatersheds). Each hydrologic unit is identified by a unique hydrologic unit code
consisting of 2 to 12 digits that are based on six levels of classification in the hydrologic unit
system. Table 63 displays an example of the hierarchical labeling of a 12-digit hydrologic unit
codes subwatershed on the Tonto National Forest.

Table 63. Hydrologic unit code terms and examples

Hierarchy Hydrologic Unit Code Tonto National Forest
Term Hydrologic Unit Level Number Example
Region 1st-level hydrologic unit 15 Lower Colorado
Subregion 2"d-level hydrologic unit 1506 Salt River

Basin 3"-level hydrologic unit 150602 Verde
Subbasin 4-level hydrologic unit 15060203 Lower Verde
Watershed 5t-level hydrologic unit 1506020306 Sycamore Creek
Subwatershed 6"-level hydrologic unit 150602030601 Upper Sycamore Creek

The Tonto National Forest lies entirely within the Lower Colorado River Region, within parts of
four subregions (Upper Gila, Middle Gila, Salt, and Lower Gila), within parts of five basins
(Upper Gila, Middle Gila, Salt, Verde, and Lower Gila-Agua Fria) and within portions of seven
subbasins.

The analysis uses subbasins for the broadest scale of assessment and subwatersheds for the finest
scale. Fourth-level (subbasin-level) and 5"-level (watershed-level) hydrologic unit codes are used
for the context area assessment and 5- and 6'"-level (subwatershed-level) hydrologic unit codes
are used for the assessment at the planning unit scale (within the Tonto National Forest
boundary). There are 35 fifth-level watersheds that range in size from 100 to 400 square miles
and 197 fourth-level subwatersheds ranging in size from 10,000 to 50,000 acres that lie partly or
entirely within the Tonto National Forest.

Watershed Extent and Perennial Streams

This section describes the 4"-, 5"-, and 6™-level watersheds that lie within or partly within the
Tonto National Forest. It also describes the extent of perennial stream miles in these watersheds.
The figures below display 4"-level subbasins and 5"-level watersheds.
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Setting above Planning Unit

Table 64 displays watershed extent and perennial stream miles by 4™-level subbasin for the entire
subbasin and for the portion within the Tonto National Forest. Table 65 displays the same
information for 5-level watersheds.

Table 64. Subbasin and perennial stream extent on the Tonto National Forest (NF)

Tonto NF
Perennial | Perennial Stream

Subbasin | Tonto NF Stream Stream Miles as a

Area Area Percent Miles in Miles in percent of
Subbasin Subbasin | (square (square Tonto NF | the the Tonto | the
Name Code miles) miles) Area Subbasin | NF Subbasin
San Carlos 15040007 1,075 98 9.1% 36.1 0 0.0%
Middle Gila 15050100 3,326 260 7.8% 94.2 2.2 2.3%
Upper Salt 15060103 2,152 1,197 55.6% 265.6 125.1 47.1%
Tonto 15060105 1,048 1,038 99.0% 119.6 119.6 100.0%
Lower Salt 15060106 997 457 45.9% 22.4 14 62.5%
Lower Verde | 15060203 1,965 1,297 66.0% 284.7 184 64.6%
Agua Fria 15070102 2,766 286 10.4% 44,7 3 6.7%
Totals NA 13,330 4,634 34.8% 867.3 447.9 51.6%

Notes: NA = not applicable; Perennial stream miles do not include stream miles through reservoirs or lakes.

Subbasins

Portions of seven subbasins lie partly in the Tonto National Forest. The majority (99 percent) of
the Tonto subbasin lies within the Tonto National Forest boundaries. The Tonto National Forest is
clearly a major contributor to the ecological sustainability of this watershed. It also contains
substantial portions of the Upper Salt River (56 percent), Lower Salt River (46 percent), and
Lower Verde River (66 percent) subbasins. Although the portion of these watersheds lying within
the Tonto National Forest suggests the Tonto is a significant contributor to the ecological
sustainability of these systems, most of the portion of the Upper Salt and Lower Verde subbasins
outside the national forest is upstream from the Tonto, which reduces its contribution to the
ecological sustainability of the non-forest portions of these subbasins. Subbasin contributions
from the Tonto portion of the Lower Salt subbasin to ecological sustainability of the subbasin as a
whole are reduced by reservoirs on the Salt River within the Tonto National Forest and the highly
developed character of much of the other land ownerships in the subbasin (Phoenix metropolitan
area). The Tonto National Forest provides 10 percent or less of the watershed area for the
remaining three subbasins (San Carlos, Middle Gila, and Agua Fria), suggesting that at the broad
scale, it is not a significant contributor to the sustainability of these systems.

Perennial Streams by Subbasin

The National Hydrography Dataset updated by the Arizona Department of Water Resources
identifies 448 miles of perennial streams within the Tonto National Forest and 867 miles within
the seven subbasins that intersect the national forest. Major perennial streams on the Tonto
include the Salt and Verde Rivers, the East Verde River, and Tonto Creek. Fossil Creek (which
forms part of the boundary between the Coconino and Tonto National Forests), and a 41-mile
reach of the Verde River extending from Beasley Flat near Camp Verde to the confluence with
Red Creek above Horseshoe Lake, are the only currently designated Wild and Scenic Rivers in
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Arizona. On an overall basis, the Tonto National Forest occupies 35 percent of the area within the
seven subbasins that form the context area for the Tonto National Forest planning unit, yet
contains about 52 percent of the perennial stream miles in the subbasins. Perennial streams in the
context area are displayed in figure 31.

The San Carlos subbasin supports approximately 36 miles of perennial streams. The Tonto
National Forest occupies less than 10 percent of the subbasin and supports no perennial streams
within its portion of the subbasin. The Tonto also supports only small percentages of perennial
streams on the Middle Gila (2.3 percent), and Agua Fria (6.7 percent) subbasins where the
national forest again comprises small percentages of the subbasins (7.8 percent and 10.4 percent
respectively). The percent of perennial stream miles on the Tonto National Forest in each of these
subbasins is less than the percent of the subbasin on the national forest. Much of the perennial
stream mileage in the Middle Gila subbasin occurs in the Gila River. Stream flow in the Gila
River is controlled by releases from San Carlos Reservoir. The contribution of the Tonto National
Forest to overall ecological sustainability of aquatic resources in these subbasins is small.

The Lower Salt subbasin drains the watershed area, excluding the Verde River, from Roosevelt
Lake to the confluence with the Gila River. The Tonto National Forest occupies slightly less than
50 percent of this subbasin but contains 62 percent of the perennial streams. The Salt River flows
through this subbasin and provides most of the perennial stream miles within the national forest
portion of the subbasin. All of the perennial flow on the Tonto is controlled by reservoir releases
from four reservoirs that provide water for water users in the Salt River Valley, including the
Phoenix metropolitan area. The Granite Reef Diversion Dam at the western boundary of the
Tonto National Forest diverts flow in the Salt River into canals that distribute water to Salt River
Valley users. The Salt River becomes intermittent to ephemeral below the dam until it reaches
areas where treated effluent is discharged to the river in the Phoenix Metropolitan area.

The Upper Salt and Tonto subbasins drain most of the eastern side of the Tonto National Forest
and join at Roosevelt Lake. Almost the entire Tonto subbasin lies within the national forest
boundary. The percent of perennial stream miles within the national forest portion of these
subbasins (47 percent and 100 percent respectively) is proportional to the percent of subbasin area
(56 percent and 99 percent respectively) within the Tonto National Forest. The Lower Verde
subbasin drains the watershed area extending from Camp Verde in the north to the confluence
with the Salt River in the south, approximately 3 miles east of the Granite Reef Diversion Dam.
The percent of the perennial stream miles (65 percent) within the national forest portion of the
subbasin is proportional to the percent of the subbasin area (66 percent) within the Tonto National
Forest.
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Key Findings

On an overall basis, the Tonto National Forest provides only 35 percent of the watershed area of
the subbasins lying partly within the national forest boundary but contains 52 percent of the
perennial stream miles within these watersheds. The Tonto National Forest occupies a
mountainous area that forms the headwaters for a number of perennial streams. Higher than
normal rainfall and runoff from these areas contributes to the higher percentage of perennial
stream miles within the Tonto National Forest portion of the subbasins. The Tonto contribution to
maintaining favorable conditions of flow (quantity, quality, timing and magnitude of stream
flows) at the subbasin scale is important for supporting ecological sustainability within the
portions of the national forest that are not affected by dams and reservoirs (dams and reservoirs
occur in the lower portions of the Salt and Verde Rivers). The contribution of perennial flows
from the Tonto National Forest to portions of the subbasins outside the national forest boundary is
small because the portions of these subbasins are either up-gradient from the Tonto; affected by
dams, reservoirs, and development; or contain only a small percentage of National Forest System
lands in the subbasin area.

Setting At and Below Planning Unit

The watershed and perennial stream setting at the planning unit is based on watersheds (5"-level
hydrologic units). The setting below the planning unit is based on subwatersheds (6"-level
hydrologic units). Figure 32 through figure 39 display 6"-level subwatersheds in and intersecting
the Tonto National Forest, and figure 40 displays the location of perennial streams in the
subwatersheds. Table 65 identifies watershed extent and perennial stream miles by watershed in
and outside the Tonto National Forest boundary.
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Figure 40. Perennial streams at the plan area scale
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Table 65 presents data for each subbasin’s watershed area and perennial stream miles. Some watersheds do not support any perennial streams.
Where this condition exists, the miles of perennial streams in both the watershed and the Tonto National Forest are represented by “0”

Table 65. Watershed and perennial stream extent for each subbasin within and surrounding the Tonto National Forest (NF)

Lake

Tonto NF Miles Percent of
Watershed Watershed Watershed Perennial Miles Perennial Watershed with
Watershed Area Area Percent of Streams in Streams in Perennial Streams
Watersheds in Subbasins Number (square miles) | (square miles) Tonto NF Watershed Tonto NF in Tonto NF
San Carlos Subbasin
Sevenmile Wash-Sycamore
Creek 1504000702 253 58 23.1% 0.00 0.00 0.0%
Gilson Wash 1504000703 245 40 16.2% 0.00 0.00 0.0%
Middle Gila Subbasin
Dripping Springs Wash-Gila 1505010001 393 5 1.3% 33.10 0.00 0.0%
River
Mineral Creek-Gila River 1505010002 259 55 21.3% 25.16 0.00 0.0%
Box O Wash-Gila River 1505010003 298 4 1.5% 21.80 0.00 0.0%
Upper Queen Creek 1505010004 143 143 99.4% 2.19 2.19 100.0%
Paisano Wash-Gila River 1505010007 374 2 0.4% 0.00 0.00 0.0%
Middle Queen Creek 1505010008 381 49 12.9% 0.00 0.00 0.0%
Lower Queen Creek 1505010009 157 2 1.3% 0.00 0.00 0.0%
Upper Salt Subbasin
Sawmill Creek-Salt River 1506010302 267 17 6.2% 40.78 0.92 2.3%
Canyon Creek 1506010303 318 66 20.6% 57.83 9.82 17.0%
Cherry Creek 1506010304 278 265 95.3% 40.89 40.76 99.7%
Salt River Draw-Salt River 1506010305 236 132 55.8% 30.28 15.88 52.4%
Pinal Creek 1506010306 200 155 77.5% 9.48 7.45 78.6%
Pinto Creek 1506010307 186 186 100% 5.54 5.54 100.0%
Salome Creek 1506010308 119 119 100% 17.44 17.44 100.0%
Salt River-Theodore Roosevelt | 1506010309 259 259 100% 27.30 27.30 100.0%
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Tonto NF Miles Percent of
Watershed Watershed Watershed Perennial Miles Perennial Watershed with
Watershed Area Area Percent of Streams in Streams in Perennial Streams
Watersheds in Subbasins Number (square miles) | (square miles) Tonto NF Watershed Tonto NF in Tonto NF
Tonto Subbasin
Spring Creek 1506010501 147 147 100% 8.97 8.97 100.0%
Haigler Creek-Tonto Creek 1506010502 224 214 95.5% 67.39 67.38 100.0%
Rye Creek-Tonto Creek 1506010503 301 301 100% 32.49 32.49 100.0%
Gun Creek-Tonto Creek 1506010504 283 283 100% 10.31 10.31 100.0%
Tonto Creek-Theodore 1506010505 93 93 100% 0.50 0.50 100.0%
Roosevelt Lake
Lower Salt Subbasin
ir?('jt gévgeJZ?ﬁZTe‘ Canyon, 1506010601 388 388 100% 0.00 0.00 0.0%
Indian Bend Wash 1506010602 221 1 0.4% 0.00 0.00 0.0%
Salt River below Saguaro Lake | 1506010603 431 68 15.7% 21.90 13.90 63.5%
Lower Verde Subbasin
East Verde River 1506020302 331 317 95.8% 83.17 82.64 99.4%
Fossil Creek-Verde River 1506020303 299 62 20.8% 52.08 13.14 25.2%
Tangle Creek-Verde River 1506020304 278 278 100% 39.59 39.59 100.0%
yerde River Horseshoe and 1506020305 300 300 100% 28.30 28.30 100.0%
Sycamore Creek 1506020306 193 190 98.7% 9.67 9.23 95.5%
Camp Creek-Verde River 1506020307 266 150 56.3% 29.05 11.81 40.7%
Agua Fria Subbasin
Sycamore Creek-Agua Fria 1507010204 366 105 28.6% 21.32 0.28 1.3%
River
Agua Fria River-Lake Pleasant | 1507010205 372 11 3.1% 3.65 0.00 0.0%
Cave Creek-Arizona Canal 1507010206 285 89 31.1% 2.67 2.67 100.0%
Diversion Channel
New River 1507010208 363 82 22.5% 0.00 0.00 0.0%
Total — All Subbasins
Total not applicable 9,507 4,634 48.7% 723 448 62%
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Watersheds

Thirty-five watersheds lie partly or entirely in the boundaries of the Tonto National Forest (see
figure 32). The percent of watershed area in the Tonto ranges from less than 1 percent for two
watersheds to 100 percent of the watershed area of 10 watersheds. Only small percentages of
most of the watersheds in the San Carlos, Middle Gila, Agua Fria, and Lower Salt subbasins lie
within theTonto National Forest. The Upper Queen Creek watershed in the Middle Gila subbasin
and the Salt River-Apache, Canyon, and Saguaro Lake watershed in the Lower Salt subbasin are
the only watersheds primarily within the Tonto in these four subbasins. Less than 30 percent of
the watershed area of all but one of the other watersheds in these subbasins lies within the Tonto
National Forest. In contrast, most of the watersheds in the Tonto, Upper Salt, and Lower Verde
subbasins lie primarily in the Tonto. On an overall basis, nearly 50 percent of the area of the 35
watersheds intersecting the Tonto National Forest lies within its boundary. The Tonto National
Forest occupies a greater percent of the watersheds than of the larger subbasins (35 percent).

Greater than 90 percent of the area of 15 of the watersheds are within the boundaries of the Tonto
National Forest. Watershed processes affecting ecological sustainability on these watersheds are
dominated by conditions on the Tonto. From 50 to 90 percent of the area of three of the
watersheds lie within the boundaries of the Tonto National Forest. The Tonto contributes
substantially to watershed processes affecting ecological sustainability on these watersheds. From
10 to 50 percent of the area of nine of the watersheds are within the Tonto’s boundaries.
Conditions on the Tonto are less significant to watershed processes affecting ecological
sustainability on these watersheds than on the previous groups of watersheds. The Tonto National
Forest provides less than 10 percent of the watershed area for seven of the watersheds. The
contribution of the Tonto National Forest to watershed processes affecting ecological
sustainability on these watersheds is small.

Perennial Streams by Watershed

There are 723 miles of perennial streams in the 35 watersheds that intersect the Tonto National
Forest (see figure 40). Of these streams, 448 miles are located within its boundary. The percent of
perennial streams (62 percent) in the national forest is greater than the percent of watershed area
(49 percent) in the national forest. Table 66 below displays the contribution of perennial stream
miles in the Tonto National Forest to ecological sustainability.

Table 66. Perennial stream miles in the Tonto National Forest (NF)

Percent of Perennial Stream Number of Watersheds Tonto NF Contribution
Miles in Tonto NF Boundary in Category to Ecological Sustainability
100 percent 12 Entire
80 - 99 percent 3 Primary
50 - 79 percent 3 Significant
20 - 49 percent 2 Less Significant
less than 20 percent 3 Small
Perennial streams absent within 4 Indirect effects only
the Tonto National Forest
Perennial streams absent within 8 Not Applicable
entire watershed

The entire watershed area of 10 watersheds, where 100 percent of perennial streams are located
within the Tonto, are also entirely within the Tonto National Forest boundary.
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Subwatersheds

There are 197 subwatersheds that lie partly or entirely within the boundaries of the Tonto
National Forest. Of these watersheds, 112 lie entirely within the Tonto’s boundaries, while less
than 5 percent of the watershed area of 14 subwatersheds are within the boundaries. Overall, 72
percent of the watershed areas of the 197 subwatersheds that intersect the Tonto National Forest
lie within the boundary. This compares with the 35 percent of subbasins and 49 percent of
watersheds.

Perennial Streams by Subwatershed

Approximately 790 miles of perennial streams lie within 6"-level watersheds that intersect the
Tonto National Forest. AImost 700 miles (89 percent) are within the Tonto’s boundary. Perennial
streams exist in 132 of the subwatersheds that intersect or are contained within the Tonto’s
boundary. Perennial streams occur entirely within the national forest in 108 of the subwatersheds
and entirely outside the boundary within 14 subwatersheds. Perennial streams do not occur within
65 (33 percent) subwatersheds. Table 67 summarizes perennial stream flow data for
subwatersheds.

Table 67. Subwatershed perennial stream data

Number of Percent of
Watershed Information Watersheds | Watersheds
Perennial streams are entirely within the Tonto National Forest 108 54.8
From 75-99% of perennial stream length is within the national forest boundary 4 2
From 50-74% of perennial stream length is within the national forest boundary 3 15
From 25-49% of perennial stream length is within the national forest boundary 1 0.5
From 0-24% of perennial stream length is within the national forest boundary 2 1
Perennial stream miles are entirely outside the national forest boundary 14 7.1
Perennial streams do not exist with subwatershed 65 33

Key Findings

The Tonto National Forest planning unit occupies about 49 percent of the watersheds intersecting
it but supports 62 percent of the perennial streams. Perennial stream flows in these watersheds are
more important for supporting ecological sustainability within the Tonto than in the context area
outside the Tonto. The majority (86 percent) of the watersheds in the Tonto ultimately drain to the
Salt River, which exits the Tonto’s boundary at Granite Reef Diversion Dam just east of the
Phoenix metropolitan area. At the dam, flow in the Salt River is diverted into canals that deliver
water to water users in the Phoenix metropolitan area. These watersheds have little impact on the
ecological sustainability of downstream watersheds due to dams and reservoirs within the Tonto
that control water discharge off the national forest, and the highly altered characteristics of the
urbanized watersheds and channels below the Tonto. Watersheds with the greatest contribution to
ecological sustainability downstream from the Tonto are probably those within the Agua Fria
subbasin such as Cave Creek and New River (although the Tonto National Forest portion of these
watersheds is only 31 percent and 22 percent respectively), which exit the Tonto into minimally
disturbed channels until they reach urbanized areas several miles below.
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Current and Historical Disturbances

The following section discusses current and historic disturbances that affect water resource
conditions within the Tonto National Forest. Historical refers to conditions prior to European
settlement and describes reference conditions for comparison with existing conditions. The
description of current conditions refers to existing conditions as well as natural and human
disturbances and processes since European settlement, which have led to the current situation.

Watershed conditions in the Southwest reflect prehistoric, historic, and current climatic conditions
and land use practices. Geologic evidence identifies a sequence of valley filling and erosion that
resulted in the development of three terrace levels in most alluvial valleys across the western
United States (Leopold 1997). Development of these features began following the last ice age
which ended about 10,000 years ago. A cool moist period following the ice age resulted in filling
or alluviation of many western valleys. The period of alluviation ended with the Altithermal
period which lasted from 8,000 to 5,000 years before present. Conditions during the Altithermal
period were drier and warmer than today. Extensive valley erosion is believed to have occurred
during this period, resulting in a period of valley downcutting and terrace formation (Leopold
1997). The Altithermal period was followed by a period of relative humidity and valley filling
that was ended by a 200 year drought from approximately A.D. 1200 to 1400 (Leopold 1994).
Erosion and downcutting of aggraded valley bottom material occurred during this period and
resulted in a second sequence of terraces. Humid and cool conditions followed in the period
known as the Little Ice Age that ended about 1860. Aggradation and valley filling occurred again
during this period. A period of increased aridity followed, and caused widespread erosion of
western valleys between 1880 and 1920 (Leopold 1994).

Leopold (1994) believes that the geologic evidence leads to the generalization that valley
alluviation or deposition occurs during periods of relative humidity, periods when there are
numerous light rainfalls in addition to heavy storms, and that erosion and valley degradation
occurs during periods of climatic aridity, when annual precipitation is dominated by sporadic
heavy rainfalls and infrequent light rainstorms.

Modern gullies began downcutting in the period 1880 to 1900. The period of historical arroyo
downcutting is known to have occurred during a period of unusually large storms that caused
extraordinary floods (Webb et al. 2007). Debate about the cause of this downcutting has been
ongoing for many years (Webb et al. 2007). Some observers believe overgrazing was responsible
while others feel that climatic conditions, combined with livestock grazing, induced arroyo
downcutting.

Although livestock were originally introduced to Arizona in the 1700s, large-scale grazing began
in the early 1880s. Channel downcutting began in the mid 1880s. A severe drought occurred from
1891 to 1904. This drought, combined with overgrazing, depleted the range so heavily that
reportedly half of the livestock died in much of the region. The poor range conditions became
associated with arroyo downcutting (Webb et al. 2007).

Early proponents of climate-induced downcutting believed drought, combined with grazing,
caused watershed conditions to deteriorate to the extent that runoff was increased (Webb et al.
2007). Other human induced factors may also have contributed to arroyo downcutting. These
include irrigation canals and roads, instream gravel mining, irrigation dams, and beaver trapping
(Webb et al. 2007).
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Beaver trapping in the early 19" century decimated beaver populations. Beaver dams serve as
local base level controls. Removal of the beaver and subsequent failure of their dams would have
allowed floods to more readily cause downcutting of stream channels.

The period of channel downcutting was followed by a period of channel widening that ceased
regionally by the mid 1940s because of decreases in the sizes of floods. Low floodplains were
deposited during this period representing the start of arroyo filling (Webb et al. 2007, Leopold
1994). Flooding resumed in central and southern Arizona from 1977 through 1995 causing
removal of low terraces along many rivers in the southern part of the region (Wehbb et al. 2007).
Stream systems on the Tonto National Forest were affected by flooding during this period as well.
Erosion and reworking of fluvial surfaces occurred on many of the streams within the Tonto.

During periods of valley degradation, downcutting of stream channels would have drained the
local alluvial aquifer and induced further destabilization of stream channels by causing dieback or
death of the woody riparian vegetation that is dependent on the aquifer. Loss of bank stabilizing
riparian vegetation results in bank collapse and widening of newly lowered stream channels
(Webb et al. 2007). Stability is reestablished once the channel widens sufficiently to allow
development of new floodplain and channel features at the lowered channel bed elevation.
Reestablishment of stability in this sequence occurs only in the presence of “good” riparian
conditions, where riparian vegetation provides the necessary resistance to flow forces (Rosgen
1996).

Disturbance Mechanisms

Little information is available to document historic range of variation and extent of perennial
streams other than from anecdotal information and by inferring past conditions based on
knowledge of current conditions. As an alternative approach this analysis will identify general
ecological conditions needed to sustain perennial stream extent and related ecosystem diversity.

Mining
Current Disturbances

Mining activities began in the 1870s and 80s with development of silver and copper mines in the
Globe-Miami and Superior areas. Mining continues in these areas today and is expected to
continue into the future with the discovery of a large copper ore body near Superior by the
Resolution Copper Company. Major mines currently operating within the exterior boundaries of
the Tonto include the Pinto Valley Mine, which produces copper and molybdenum west of the
Globe/Miami area; the Carlota Copper Mine adjacent to the Pinto Valley Mine, which has ceased
active mining but continues to leach copper from its leach pad; and Freeport-McMoRan’s Miami
Mine, which produces copper. Smaller scale mining of other minerals including gold, tungsten,
uranium, lead, gypsum, uranium, mercury, zinc, and asbestos has also occurred on the Tonto
National Forest.

Mining disturbances to water resources include erosion of sediment and pollutants from waste
rock and tailings piles, pollutant discharge from abandoned mine shafts and adits, contamination
of groundwater quality by seepage through tailings, waste rock, leach pads, and underground
tunnels and shafts. Mining can also impact water resources by direct impacts on stream channels
(from dredging, diversion, and spills); by impoundments to retain sediment and storm water
runoff; by groundwater pumping, which affects aquifer storage, discharge from springs and seeps,
and base flows in streams; and by the infrastructure necessary to support mine operations such as
roads, pipelines, and powerlines.

Tonto National Fore